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WORLD'S FAIR ILLUMINATED DIAL 
MEDAL FOR STATION 


RUBBER INSTRUMENTS 
i ~ 





1889 


PARIS EXPOSITION 
MEDAL FOR 


RUBBER 


INSULATION INSULATION 





These instruments are based upon the 


same general principle and are just as 
) accurate as our regular Standard Port- 
able Direct Current Voltmeters and 
Ammeters, but are much larger and the 
wo iv ing parts are inclosed in a neatly 
designed dust-proof cast iron case whic h 
eiieevus lly shields the instrument from 
dictating influences of external mag- 
netic fields. 


~ TRADE MARK. 
SOLE MANUFACTURERS OF 


OKONITE WIRE 


THE STANDARD FOR RUBBER INSULATION 
OKONITE TAPE : MANSON TAPE 
CANDEE WEATHER=PROOF WIRE 
CANDEE (PATENTED) POTHEADS 





THE OKONITE COMPANY, Ltd., Weston Electrical Instrument Co. 
Willard L. Candee R eas caens 253 Broadway 
Be ee ee ae Su tend " wv averly Park. New ark. XN. oD. s - ®. A. 
W. H. Hodgins, Secretary NEW YORK 
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SMeese & Gatttriecd Company. MACHINES 


TALES . a : ; 
anneal Plate Process Ice-Making Plants 


N° 167710179 FREMONT STREET. 
3 TRUNK LINES 





TELEPHONES: Main B49 For Making Clear Ice With Electric Power 
SPECIALTY 
POWER TRANSMITTING MACHINERY | 
ano ALL PERTAINING THERETO SAN FRANCISCO. | , 
AGENTS FOR LINK BELT MACHINERY CQ, CHICAGO VUl ( AN ! RON WORKS 
Ae 


| 505 [lission Street SAN FRANCISCO 


~ General Electric Company's 


Type “H” Transformers 
Oil Cooled 


The high quality of insulation and low and uniform temperature rise 
| throughout all parts of the windings are characteristic of the 
Type H (core type) Transformers, and have made 
them famous for durability. 


Write for Pamphlet 9114 
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Northern Electrical Manufacturing Company 
MADISON, WIS. 


NORTHERN GENERATORS are RUGGED and 
SUBSTANTIAL but Clean Cut and Symmetrical 


a For Belt or Engine 
, Drive 


Designed and built with the 
idea that the purchaser wants a 
machine which will live as long 
as he does. In truth, we think 

some of these self- 
same machines will be 
passed on to sons and 
grandsons. Northern 
motors are built on 
the same principle. If 
you would like a little 
more light on the mat- 
ter write for Bulletin 
No. 926. 

We have made some 
of the largest 
installations for 
complete electric 
drives in Ameri- 
ca, and chal- 
lenge a compari- 
son ofeconomical 
working. 

We build all 
sizes of genera- 
tors and motors 
for either alterna- 
ting or direct 
current. 


INO. M ARTIN & Cx Pacific Coast Agents 


Pioneer Bldg, Seattle, Wash. 31-33 New Montgomery St., San Francisco, Cal. 
511 Douglas Building, Los Angeles. 
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SAN FRANCISCO, JANUARY, 1903. 


NUMBER 1 


The Laying of the American Trans-Pacific Cable. 


BY ALEXANDER G. McADIE. 


AN FRANCISCANS fully realize that they 
are privileged spectators of a great histor- 
ical drama. ‘The stage is the Pacific Ocean, 
until now the backyard of the continent. 
The first scene had its setting about the 
time Shakespeare was learning to read 
and write at the grammar school in 
Stratford. From the beach a few miles 
north of San Francisco an intrepid, 
rough-speaking seaman pulled his bark 
Pe back i: to the water, and, pointing her nose 
\ / southwestward, turned a new furrow in the 
~ x €\° unknown sea. Then for the first time were 
~~“ SF the accents of our mother tongue heard in 
9) these farts. c 
@ ‘The second scene takes place 323 years later. 
‘I'he Colonia, the Ang- 
lia and the Silvertown 
turn many furrows in 
the Pacific. And near 
the great gate of Cali- 
fornia a metropolis 
that has for half a cen- 
tury been kowtowing 
to the east, rises, turns 
her back upon the sun- 
rise, and, standing 
erect, faces the older 
East, to accept in her 
turn the homage of 
the newer West. 
Thursday after- 
noon, December 11th, 
was memorable in the 
history of San Fran- 
cisco and the entire 
Pacific Coast. Men 
from every walk of life 
gathered together to show their appreciation of the 
inauguration of a cable service between San Francisco, 
Honolulu, Manila and Shanghai. 
The assemblage was a notable one, not so much for the 
wealth of great industries there represented, or the elo- 
"quence of the speakers, as for the spontaneous recogni- 
tion of the service rendered by one man—no longer 
among the living—to the American nation in general 
and to the dwellers on the Pacific Coast in particular. 
A few days later, when a little girl raced with the 
president of the cable company to the water’s edge to 
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MESSRS. JOHN W. AND CLARENCE H. MACKAY 


greet the incoming shore end of the cable, she uncon- 
sciously voiced in her cheerful salutation the thought of 
the entire community: ‘‘To the memory of John W. 
Mackay—I christen thee ‘ Pacific Cable.’ Good luck to 
you. May you carry only messages of happiness.”’ 

We who are older know that there will be messages 
other than joyous ones sent across this cable; but never- 
theless we welcome the boon of quick communication 
over these great ocean stretches. There is a common 
misapprehension that this cable is the first to make the 
circuit of the world complete for cabling purposes. This 
is not so, as the completion of the British Pacific cable 
between Australia and Vancouver Island, touching at 
Victoria, Fanning Island, Fiji, Norfolk, Southport and 
Doubtless Bay, gives the British government a circuit 
through its ownterritory. The cost of this all-British cable 

has been in the neigh- 

borhood of $10,000,- 

ooo and the project 

has been under con- 

sideration for prob- 
ably twenty years. 
The work was com- 
pleted October 31, 
1902, and the line 
opened for commercial 
business during the 
first decade of Decem- 
ber. Hardly a month 
had elapsed and the 
Commercial Pacific 
Cable Company had 
completed the first sec- 
tion of its trans-Pacific 
cable. The length of 
the British Pacific 
cable is 7900 nautical 
miles, the longest 
stretch reaching from Vancouver to Fanning Island, 3540 
nautical miles, gross weight nearly 7700 tons in air (366 
miles longer than the cable from Brest to Cape Cod ), and the 
other stretches running from Fanning to Fiji 2181 nautical 
miles, and from Fiji to Southport 2438 miles, the rest being 
insmallreaches. ‘he total length of the new Commercial 
cable will be nearly 10,000 nautical miles, running in sec- 
tions from San Francisco to Honolulu (laid by the Silver- 
town Company), and from Honolulu to Midway, Guam, 
Manila and Shanghai (to be laid by the Greenwich* 


* Telegraph Construction and Maintenance Company of Greenwich. 
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Company.) It is interesting to note that one of these 
trans-Pacific routes is about three times the length of an 
Atlantic route, and the other two and one-half times. It 
can now truthfully be said that Drake’s proud boast near 
the close of the sixteenth century—‘‘the world encom- 
passed’’—is matched by the sober statement that the 
world today is literally gridironed with cables. ‘The 
present cables in the Pacific and the cable just laid for 
the Mexican Government bring the total cable mileage to 
200,000 nautical miles. 

The Commercial Company’s cable from San Francisco to 
Honolulu will cover a stretch of about 2276 nautical miles. 

The cable itself, like all cables, is of varying size, from 
the shore ends, which are double cored and _ heavily 
armored, to the lighter deep-water sizes. The diameters 
vary from three inches or more to one inch. The total 
weight of 
the cable out 
of water is 
about 5000 
tons. Fora 
length of six 
miles at the 
San Francis- . 
co shore end 
an addition- 
al copper 
core’ has 
been intro- 
duced _ to 
serve as an 
artificial 
ground, be- 
cause in the 
neighbor- 
hood of a 
large city 
trolley and 
other elec- 
trical cir- 
cuits pro- 
duce marked disturbances of the galvanometer needle. 
This extra core is woven into the sheathing armor 
at a distance of about six miles from shore. There is 
also provided a brass tape sheathing as a protection against 
the teredo which abounds in Pacific shore waters. ‘The 
weight of the copper per nautical mile is 500 pounds and 
the weight of the gutta-percha 315 pounds. The con- 
ductor is composed of a central copper wire .0987 of an 
inch in diameter surrounded with ten copper wires each 
.0414 of an inch in diameter. Like all submarine cables 
the central conductor has a coating of gutta-percha prop- 
erly served, a brass tape where needed, wound as a rule 
on a serving of loose spun thread, a service of jute and 
an outer sheathing of wire. In this case the armor con- 
sists of sixteen wires (No. 14), each about three-tenths of 
an inch in diameter. There are, of course, shore-end, 
intermediate and deep-sea modifications. The breaking 
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strain of the deep-sea cable is about eight tons, with 4 
per cent. elongation. At the Honolulu end a rock cable 
weighing nearly thirty tons per nautical mile and heavily 
armored is used on account of the proximity of coral for- 
mations. 

The accompanying chart gives a good idea of the 
soundings and general character of the ocean bottom 
along the route followed by the Silvertown. While the 
cable was cut and buoyed off the island of Oahu at 4 
A. M., December 26th, the actual connection with Hono- 
lulu did not occur until late on January 1, 1903. The 
first message transmitted from Honolulu direct to the 
siphon recorder in San Francisco was at 11:03 P. M. 
(120th meridian time), or 8:41 p. M. in Honolulu, a differ- 
ence of two hours and twenty-two minutes. 

The cable ship Silvertown, belonging to the India 
Rubber Gut- 
ta-percha 
and Tele- 
graph Com- 
pany, sailed 
from Port- 
land, Eng- 
land, on 
September 
23, 1902, 
reaching the 
port of San 
Francisco on 
December 4, 
1902, in sev- 
enty-two 
days cover- 
ing a dis- 
tance of 14,- 
000 nautical 
miles. She 
left San 
Francisco 
early Sun- 
day, Decem- 


RECEPTION DAY ON THE CABLE SHIP SILVERTOWN AT SAN FRANCISCO 





ber 14th, and made the following daily runs: 


Total 


Date. Position, teu Spathone 
Nauts. 

December r5th...| 37° 8’ N., 123° 47’ W. 77 |1800 mud. 
December 16th...| 35° 50’ N., 126° 44’ W. 259 |2550 y. ooze. 
December 17th. ..| 34° 36’ N., 129° 59’ W. 455 12700 et 
December 18th. ..| 33° 14’ N., 133° 30° W. | 662 2685 ll 
December r1g9th...| 31° 39’ N., 136° 46’ W. | 865 j2550 ‘* ‘* 
December 20th. ..| 30° 18’ N., 139° 38’ W. | 1054 |2480 “* “ 
December 21st....| 28° 44’ N., 143° 2° W. | 1269 |2725 ‘“* ‘* 
December 22d. ..| 27° 7’ N., 146° 16’ W. | 1480 |2820 ‘“* ‘ 
December 23d....| 25° 39’ N., 149° 8’ W. | 1677 |2880 “+ “ 
December 24th...| 23° 57’ N., 151° 20° W. | 1894 |3016 “ “ 
December 25th...| 22° 22’ N., 155° 23’ W. | 2109 (2426 ‘* ‘“ 
December 26th: ..| 21° 18’ N., 157° 50° W. | 2238 | 450 “* ‘ 





cael Fine | 


Connections at Honolulu, 38 miles; in all, 2276. 317 ‘nauts. ; 2 


* Hawaiian Standard time is based on standard meridian, 157° 30’, or ten 
hours and thirty minutes west of Greenwich. Honolulu local mean time is 
ten hours and thirty-one minutes slow of Greenwich. San Francisco local 
mean time is three hours and ten minutes slow of Washington. 
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January, 1903) 


The Silvertown is not the newest or the largest of the 
fleet of cable ships now busy throughout the world lay- 
ingand maintaining cables. 
vessels built within the past five years; but her name is 


In fact she is surpassed by 
a familiar one on the Pacific Coast. The following data* 
concerning her may be of interest: The vessel was espe- 
cially built for cable laying and has all the necessary 
gearing and accessories for such work. 
equipment of grapnels, chains, buoys, brakes, etc., is 
provided. She is of 4935 tons, length 350 feet, beam 55 


An extensive 
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230 cubic feet. When heavily loaded, that is when 
carrying more than 6500 tons, the Silvertown draws 
nearly thirty feet of water. The cable ta=ks are usually 
not more than one-half filled. The cable is hosed down 
every morning, but is not kept in a water bath as is 
popularly supposed. 

While the cable was being laid communication with 
the shore was restricted to one hour in every twenty-four, 
as a rule the hour beginning with the ship’s noon. 


Communication was not had directly with the cable office 





ON THE DECK OF THE CABLE SHIP SILVERTOWN IN THE HARBOR OF SAN FRANCISCO 


feet, depth 34.5 feet, engines 1800 horsepower, average 
speed 10 knots an hour, coal consumption 33 tons per 
day. The most interesting feature of the vessel is the 
arrangement of tanks, each 32 feet deep and ranging in 
diameter from 46 to 53 feet. The largest tank has over 
66,000 cubic feet capacity, exclusive of cone, and if 
filled with cable would hold nearly 2000 nautical miles 
of the deep-water type. In each tank there is a large 
cone to facilitate coiling. Cable of the light intermediate 
type occupies about 46 cubic feet per knot coiled; heavy 
intermediate, 78 cubic feet, and shore-end cable about 


* Wilkinson’s ‘‘Submarine Cable Laying and Repairing,’’ page 63 e¢ seg. 


in the heart of the city, but with the cable hut a few 
thousand feet east of the shore landing. After the cable 
is satisfactorily laid the cable house will be closed and 
used only when necessary for testing or locating faults. 
While communication was restricted to the time men- 
tioned, the insulation of the cable was tested continu- 
ously at the testing room aboard ship and at the cable 
hut. At least once in every five minutes the cable was 
used as acondenser- A charge froma battery of about 
one hundred cells was given and in turn discharged 
through a properly shunted Sullivan galvanometer and the 
‘‘throw’’ of the needle carefully noted. Both aboard 
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ship and at the cable hut the speaking apparatus consists 
of mirror galvanometers, the deflections of the beam of 
light to the right and left of a given zero point consti- 
tuting the letters of tlhe continental Morse code. Siphon 
recorders will be used when the line is opened for com- 
mercial business and a permanent automatic record thus 
obtained of every message received. The siphon itself is 
not the old form in which the ink was electrified, but a 
newer type with a tapper or vibrator. It is also inter- 
esting to note that there is used to square up, as it were, 
the irregularities of the siphon record, a miniature step- 
up transformer. 
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working steadily and silently. If automatic senders are 
employed the rate will possibly exceed fifty words per 
minute. It is more than likely that for some years to 
come a single cable will suffice for the business offered, 
but it would be unwise to attempt to forecast what the 
ultimate through business to the Philippines and to 
China, via Manila and Shanghai, will amount to. It will 
be remembered that when the Atlantic cables of the Com- 
mercial Cable Company were opened the business 
amounted to perhaps a hundred messages a day, while 
now fully fifty times that number are offered. 

The belief has already been stated that this commercial 





HOW THE CABLE WAS COILED IN THE TANKS 


The new cable will probably be a ‘‘speedy’’ one, 
working possibly twenty-eight words per minute with- 
out duplexing. Speed in a cable is dependent upon 
the electrical capacity,.the various factors being the 
length of cable, the resistance of core, thickness of 
dielectric and the degree of resulting inductance. Au-in- 
crease in length of about thirty miles will decrease the 
rate of transmission about one word in twenty-five. For 
ordinary purposes this speed is sufficient, and it is inter- 
esting to note that in daily practice a submarine wire 
can handle the business of two land lines, the siphon 


‘ desirable to lay and pay for an all-British route. 


cable means a new era to San Francisco and the Pacific 
Coast. If one considers only the single fact of the con- 
stantly recurring date line in press dispatches, it is patent 
that the attention of the reading public is unconsciously 
directed to the great city on the western slope of our 
couctry. For reasons of state and government it is well 
that this cable should have been laid. The British gov- 
ernment, as well as the colonial governments, found it 
It goes 
without argument that an all-American route will be 
of the greatest value to the United States and its island 
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THE STERN SHEAVES OF THE SHIPZSILVERTOWN 


possessions in the Pacific. For commercial purposes the 
value of quick communication cannot be overestimated. 
It is no idle statement to say- that trade today depends 
upon rapid communication. The manyfacturers and 
merchants of the Pacific Coast have been too long with- 
out adequate cabling facilities. An illustration of this 
may not be without interest. Li Hung Chang visited 
the works of the Telegraph Construction Company at 
East Greenwich some seven years ago and while there 
sent several lengthy messages to Shanghai, receiving 
answers thereto in seven minutes. Some years later, 
when in San Francisco, it became necessary to communi- 
cate with China, the statesman then being en route home. 
The messages had to go first over our own continent, 
then across the Atlantic, before beginning the long jour- 
ney of 12,000 miles as before. 
At the present time, when the 
air is full of reported successes 
in long-distance wireless com- 
munication, and especially trans- 
oceanic signalling, we cannot fail 
to be impressed with the courage 
and confidence of the Commercial 
Pacific Cable Company in push- 
ing this work through without 
further delay. When one con- 
siders the large first outlay, the 
expense of making and main- 
taining the cable, the risk that 
always exists, of accident not 
only to the cable itself, but the 
possibility of damage to cable 
stations by typhoon or seismic 
trouble, it is plain that whether 
or not the cable from a financial 
standpoint turns out to be a suc- 
cessful achievement, the projec- 
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tors deserve well at the hands 
of the communities on both sides 
of the Pacific Ocean, for the great 
service rendered them in laying 
and maintaining this cable. 

During a reception at the Pal- 
ace Hotel in honor of Clarence 
H. Mackay and others of the 
management of the Commercial 
Cable Company, Mr. G. G. Ward 
said: ‘‘The length of this cable 
will be three and one-half times 
greater than any Atlantic cable. 
When this shall be completed 
our system will reach from Eng- 
land and France to China, three- 
fourths of the distance around 
the globe, and I venture to pre- 
dict that we shall be able to beat 
Puck’s prophecy of girding the 
earth in forty minutes by sending 
a message from San Francisco to 
San Francisco in on one-fourth 
of that time.’’ Meanwhile the Silvertown, which started 
with about 2200 miles of cable, laying it across an ocean 
nearly three miles deep, has proceeded with her task and 
completed the first great section to Honolulu. The 
Philippine section is expected to be completed early in 
1894. The Hawaiian landing is on the island of Oahu, 
with direct connection to Honolulu, where an office has 
already been prepared. 

Before concluding this article it is due that thanks, 
not alone of its author but of its publishers as well, should 
be gratefully extended to those gentlemen who have aided 
in its preparation by giving both information and other 
material assistance toward it. Prominent among them 
are: Clarence H. Mackay, President of the Postal Tele- 
graph Company and of the Commercial Pacific Cable 





THE SHORE END FOR SAN FRANCISCO AS COILED ON THE TUG NEWSBOY 
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THE INSTANTS BEFORE AND AFTER THE CHRISTENING OF THE HONOLULU SECTION OF THE AMERICAN TRANS-PACIFIC CABLE 
THESE ARE THE ONLY PHOTOGRAPHS OF THE EVENT IN EXISTENCE 


Company; George G. Ward, Vice-President and General 
Manager of the Commercial Cable Company and the 
Commercial Pacific Cable Company; Charles Cuttress, 
Electrician of the Commercial Cable Company; L. W. 
Storror, Superintendent of the Postal Telegraph Cable 


Company; H. F. Harrington, Superintendent: of the 
Commercial Pacific Cable Company; H. Benest, Chief of 
Cable of the Expedition and Messrs. H. E. Cann, R. H. 
Mance, S. E. Marsham, and E. W. Beckingsale com- 
prising Mr. Benest’s staff. 





BEGINNING AT THE RIGHT THE GENTLEMEN WHOSE PORTAITS APPEAR IN THIS ENGRAVING ARE: 1. W. STORROR, GEO. G. WARD, RICHARD V. DEY, CHAS. CUTTRISS, 
W. HEARN, W. K. WARD, H. F. HARRINGTON AND P. M’KENNA. 
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The Generating, Transmission and Distribution Systems of 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


The Edison Electric Company of Los Angeles, Cal. 


BY GEO. P. LOW. 


[Of all the world, America is infinitely far in the lead in the practical applications of transmission engineering, 
and of all America, California shows greater development along this line than any other State in the Union, yet 
nowhere in California is there to be found more interesting long distance high voltage work of almost every con- 
ceivable description than exists in the southern portion of the State, where in a single system of The Edison Electric 
Company, of Los Angeles, alone may be marked not only the first polyphase transmission station ever built for com- 


mercial service in 
America, but where 
also may be traced, 
step by step, every 
advance made in 
the art of electric 
power transmission 
down to the present 
time. And the first 
among the promi- 
nent transmissions 
of southern Califor- 
nia is this selfsame 
The Edison Elec- 
tric Company, the 
principal hydraulic, 
mechanical and 
electrical features of 
which it is the pur- 
pose of this article 
to describe. 

Side by side the 
oldest American 
built polyphase ap- 
paratus works in 
peifect accord with 
the newest; fears 
and forebodings, 
once all but over- 
powering, have 
gone the way of 
hobgoblins of child- 
hood, and the first 
power transmis- 
sion-born project of 
scarcely more than 
a decade ago, has 
grown and grown 
and grown, from a 
slender infancy to 
the very perfection 
of corporate matur- 
ity, so that now, 





THE SANTA ANA PLANT, FROM A CARBON PRINT 


when it has but to 
ask for millions 
for extensions to 
receive them, it 
seems but fiction to 
think of the time 
but twelve short 
years ago when it 
proved to be all but 
impossible to secure 
the paltry sums 
represented in the 
cost of the plant 
that is the nucleus 
of the present 
mighty enterprise. 
If American pros- 
perity has increased 
of late, the trans- 
mission develop- 
ment has advanced 
by a yet more rapid 
stride, and here in 
southern California 
the engineer may 
see it all, from its 
earliest stages to its 
acme of perfection, 
and in seeing it he 
will be struck not 
only by its his- 
torical significance, 
but also by the un- 
precedented thor- 
oughness of its 
hydraulic develop- 
ment and the 


~ marked originality, 


in equal thorough- 
ness, which char- 
acterizes its every 
electrical feature. 
—THE Eprror. } 
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HE system of The Edison Electric Company 
is a composite one, constituting, as it does, 
eight separate and distinct corporations, 
which, in process of time, have been 

gradually merged into the single concern of great 

magnitude which bears the name of this article. 

If viewed from the standpoint of its interests in the 

city of Los Angeles, the company originated in 

the comparatively small concern eventually known 
as the West Side Lighting Company, which, as 
time wore on and business increased, developed 
into the Edison Electric Company, that, in turn, became 
of great importance, especially after its absorption of the 

Southern California Power Company. Comparatively 

short periods of time wrought marked developments there- 

after, and rapidly following the absorption of the Southern 

California Power Company by the Edison Electric Company 

came the acquisition in the sequence named of the Pasadena 

Electric Light and Power Company, the Santa Ana Gas and 

Electric Company, the Redlands Electric Light and Power Com- 

pany, the California Power Company and the Mountain Power 

Company, all of which have been, within the last few months, as 

stated, merged into The Edison Electric Company. 

On the other hand, if the present giant system be considered from 
the standpoint of its transmission development, interest naturally 
centers in the system of the Redlands Electric Light and Power 
Company, which bears influences second to none not only in point 
of historical significance, but in point of rapid growth. By right of 
seniority, then, the Redlands system should first receive attention. 


THE REDLANDS BEGINNING. 


From a transmission standpoint, as stated, interest centers 
first about the plant of the Redlands Electric Light and Power 
Company, and then about the then-extraordinarily high volt- 
age long distance lines of the Southern California Power Com- 
pany. It was in Jannary, 1892, transmission development hag 
begun to reach such a stage of progress as to inspire confident 
in its ultimate commercial feasibility, and at the same time local 
conditions in and around Redlands were such as to make the 
proposition of transmitting the energy of the water power of Mill 
Creek to Redlands an extremely favorable one. It is certain, at 
all events, that in the month named Messrs. George H. Crafts, 
George B. Ellis, F. G. Feraud and H. H. Sinclair began to discuss 
the project with the thoroughness which has since become charac- 
teristic in the organization and development of electrical trans- 
mission work in southern California. The most notable work of 


, M} beeen “ 





[Vol. XIII—No. 1 


a similar nature to that proposed, and which was also under con- 
trect for building at that time, was the 10,o00-volt, twenty-eight- 
mile single-phase incandescent lighting plant of the San 
Antonio Light and Power Company, familiarly known as the 
Pomona plant. This plant, which was, as stated, being installed, 
was built under the electrical engineering direction of Mr. A. W. 
Decker, who was also at that time in charge of the electrical 
work then being done iu building the Mount Lowe Railway. 
Mr. Decker’s qualifications and experience were such as to fit him 
pre-eminentiy for the position of electrical engineer of the new 
project at Redlands, and in June, 1892, he was employed in 
that capacity. 

The Redlands Electric Light and Power Company was incorpor- 
ated in the spring of 1892 by residents of the town of Redlands, 
in San Bernardino County, ‘‘ for the purpose of supplying electric 
light and heat for both public and private use, power for manu- 
facturing purposes and for the operation of street railroads in the 
city of Redlands and the country round about within a radius of 
ten miles,’’ such power to be developed from a transmission plant 
that was to be built at the mouth of Mill Creek Canyon, some 
eight miles distant. At that time Redlands was a promising city 
with a population of 4500 people, and was lighted solely by oil and 
a few private gasoline plants. Coal was worth $11 a ton, and al- 
though the town was a small one, its prospects were exceedingly 
bright. It was further borne in mind by the promoters of the en- 
terprise that the cities of Riverside and San Bernardino, each of a 
population of about 10,000, were comparatively near by, that is at 
a distance by rail of fifteen miles and nine miles respectively. 
These were then lighted by electricity generated from a water 
power developed from the irrigation canal which supplied River- 
side, and the amount of power so obtained was of very limited 
quantity. The towns were then connected with each other and 
Redlands by a steam motor road, which it was hoped would event- 
ually be changed to an electric railway system, to be operated by 
power developed at the Redlands plant. 

It is interesting here to note that of all the cities which have 
grown up in the western part of the United States in the ten years 
prior to the organization of the Redlands company, there have 
been none whose growth was more rapid than that of the city of 
Redlands prior to 1893,.and the greater portion of the land in- 
cluded in the city limits of the town, which comprised about seven- 
teen square miles, had never been turned by a plow, but early in 
1887, began an influx of an active, well educated and well-to-do 
class of men who had in the six years which intervened built up a 
town that is remarkable for its beauty of location, handsome resi- 
dences, well paved streets, substantial business blocks, and above 


oa 


A BEAUTIFUL VIEW OF REDLANDS AND THE SAN BERNARDINO MOUNTAINS IS HAD FROM ANY DRIVEWAY ON SMILEY HEIGHTS 
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THE ORIGINAL REDLANDS PLANT AS IT IS TODAY 


all, for the superior quality of its oranges, which are the equal, and 
by a great many considered the superior, in appearance and quality 
of those shipped from any other part of the United States. It 
possessed, unfortunately, a sad lack of inducements for manufact- 
uring enterprises, and this, coupled with the reasons which have 
been named, led to the organization of the company which hoped 
to be able to furnish power to manufacturing industries at a price 
equivalent to that in localities where coal is $4.00 a ton. 

The first reality which gave assurance of the soundness of the 
ideas which underlaid the project, was the fact that the Union Ice 
Company, one of the largest handlers of ice in the western part of 
the United States promptly entered into a contract with the Red- 
lands Electric Light and Power Company to furnish electric power 
under a twenty-five year contract at a price that was so much 
cheaper than that which could be obtained elsewhere, that the ice 
company could afford to pay $2.00 per ton freight 6n 7000 tons of 
ice per year and still deliver it im Los Angeles at a rate of 50 cents 
per ton cheaper than it could be manufactured there under the 
most favorable circumstances. This contract proved to be the 
foundation upon which was built the business of the now historic 
Redlands plant. 

Mr. Decker's investigation of the local conditions attending the 
plan soon resulted in the conviction that the transmission 1tself 
would have to be carried out along lines radically different from 
those which characterized fot only the Pomona plant but also 
any other plant in America. The Redlands plant must be de- 
signed essentially as a power transmission plant, and accordingly 
Mr. Decker recommended the installation of a three-phase trans- 
mission system having a rated capacity of 400 kilowatts. Pre- 
liminary plans and specifications for a plant of this kind were 
prepared by Mr. Decker and submitted to the General Electric 
Company, the Westinghouse Electric and Manufacturing Com- 
pany, the Siemens & Halske Electric Company and the Electrical 
Engineering Company, of San Francisco. It took several months 
of active correspondence between Mr. Decker and the companies 
named before they would agree to submit bids on an installation 
of this kind, taking the ground generally that details were not 
yet sufficiently worked out to justify them in bidding on such a 
plant, and recommending the use of such apparatus as was 
standard at that time. Bids were finally put in by the Westing- 
house and General Electric companies and the Electrical Engineer- 
ing Company, of San Francisco, the latter proposing a 5000-volt 
direct-current generating and transmission system, with direct- 
current motor operating single-phase alternators in Redlands. 
The bid of the General Electric Company for two 250-kilowatt, 
2400-volt, 600 revolution, three-phase, Y-connected generators 
was accepted, and the execution of the contract formed the 
neucleus of the famed Redlands plant. The bid of the Westing- 


house company was for a two-phase system, which Mr. Decker 
would not entertain. This original plant, which is now known as 
Mill Creek No. 1 station of The Edison Electric Company, was 
driven by Pelton water wheels, and the transmission line consisted 
of two, three-phase circuits, each being of three No. 0, B. & S. 
gage, bare copper wires running to Redlands, a distance of seven 
and one-half miles by way of the pole line. Common deep groove, 
double petticoat, 2,200-volt glass insulators were used. The 
distribution at Redlands was tapped off the end of the line with- 
out any substation, the delivered potential being 2300 volts. Both 
light and power were thus delivered, but the principal power ser- 
vice from this original plant consisted in the installation of a 
120-kilowatt, three-phase, synchronous motor for operating the 
manufacturing plant of the Union Ice Company. This motor also 
operates at 2300 volts, the distance from tke station to the ice 
plant being practically four and one-half miles. 

At the time of installation the switchboard was equipped by 
the General Electric Company with generator switches consisting 
of common 500-volt, triple-pole, double-throw switches, such as 
had been previously used in railway work, this being the best 
type of switch manufactured at that time. These switches 
could never be pulled on a load at the machine voltage, and as 
the busbars were in duplicate, when it became necessary to change 
over the station operators were compelled to break the field cir- 
cuit on the machine and shut down the plant. There is now on 
the system of the Redlands company the first three-phase gener- 
ators, the first synchronous motor and the first induction motor 
ever turned out for commercial use by the General Electric Com- 
pany, and it is interesting to note that they are still in daily ser- 
vice as installed, with every indication that they will continue in 
their duties for years to come. 

On another page there is published a biographical sketch of 
the life of A. W. Decker, the electrical engineer who drafted the 
electrical specifications under which the Redlands plant was built, 
and it is suggested that this sketch be read in order that an idea 
may be gained of the difficulties which were encountered at this 
early date in securing the installation of the three-phase plant, and 
that the work then performed by Mr. Decker in this conjunction 
may be given proper credit. At the same time it is interesting to 
review the memoranda of conditions and requirements of this 
plant as laid down by Mr. Decker prior to its installation. It is 
pointed out therein that the power available under the then-pres- 
ent developments at the minimum flow of Mill Creek measured 
1000 miners inches, or 1200 cubic feet, per minute, under an effective 
head of 295 feet, from which the total capacity of the power plant 
was estimated at 359 kilowatts. It was also shown that the total 
output of the plant made by an extension of the pipe line, which 
was afterward effected, could be increased to twice that shown 
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THE ORIGINAL SWITCHBOARD IN THE OLD REDLANDS PLANT. NOTE THE “GROWLER” 
UNDER THE CLOCK 


during the whole year, and that during six months of the year 
approximately three times this amount of power could be ob- 
tained. 

As already stated, there were first installed in the Redlands 
plant two 250-kilowatt three-phase generators, running at 600 revo- 
lutions per minute, and having a voltage of 2500. These machines 
were originally intended for belt driving, but, instead, they were 
installed with three bearings and direct-connected to Pelton water 
wheels, which were mounted in pairs directly connected through 
insulating couplings to the generators, and supplied with water 
from a receiver through a Y nozzle of the deflecting type. There 
were also two 7%-kilowatt, 125-volt, compound wound exciters, 
that were separately driven by independent Pelton wheels, and 
which ran at a speed of 1600 revolutions per minute. The plant 
was governed by the old style differential governor, which was a 
familiar accompaniment of Pelton water wheel installations ten 
years or so ago. This mode of connection is shown in the accom- 
panying line drawing, and its principle of action was that it was 
given a fixed speed so that the governor always tended to bring 
the nozzle to a position to correct the differences in speed between 
that of the generator and the source of constant speed. The unit 
which was selected for furnishing the constant speed was the ex- 
citer shaft, for the reason that the exciter junderjnormal{condi- 
tions has a fixed load and practically a constant speed. 

At the time of the writer’s visit to the plant last winter the 
original switchboard had been dismantled and its parts stored, but 
in order that a faithful reproduction of it in its original appearance 
might be given, the board was reassembled, and it is from this re 
assembled equipment that the accompanying half-tone was made. 
It was, as the illustration shows, of the skeleton type, and there 
was mounted thereon a rheostat and triple-pole, double-throw 
switch, three ammeters and one voltmeter for each machine, 
these instruments being of the Thomson-Houston type, and, as 
already stated, of the form of 500-volt railway apparatus then in 
use. The board was further equipped with two double-pole, 
double-throw line switches and three ammeters for each line, as 
well as being provided with double busbars. 

Probably the greatest controversy that arose in the equipment 
of this plant, and after Mr. Decker had been forced by the manu- 
facturing companies to recede from his demand for the direct gen- 
eration of 5000 volts in a three-phase machine, was that due to the 
clause in his specifications which exacted the installation of gen- 
erators of the three-phase type that would work in parallel. This 
procedure was declared by the chief engineer of the General Electric 
Company, before the board of directors of the Redlands Electric 
Light and Power Company, in the strongest terms, to be absolutely 
impossible of accomplishment, and it is interesting, indeed, to 
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hear the relation of experiences that were encountered after the 
installation of the machines in the endeavor to parallel them. 
All kinds of expedients were resorted to in order to bring about 
some indication of synchronism, and finally the General Electric 
Company produced a device, which became known as the growler, 
as being the best thing for accomplishing the result desired. 
This growler, which is illustrated herewith, was an attempt at an 
accoustic instrument, and in it the two separate phases which were 
to be synchronized were made to operate upon sheet iron dia- 
phragms, placed several inches apart facing each other, the whole 
being inclosed in a sheet brass cylinder. At the center was cut a 
hole about an inch in diameter, to which the station operator was 
to apply his ear, and it was expected that the operator could dis- 
tinguish when the vibrations were in unison. In each of the upper 
corners of the base-board there was placed a sixteen-candle power 
incandescent lamp, being burned respectively from two of the 
three phases, but these lamps were used merely as pilots. The 
device failed, however, for, owing to the various harmonics gener- 
ated by the machines in the station, it was impossible to tell with 
any degree of accuracy when the machines were in synchronism, 
and this condition led to the eventual abandonment of the growler, 
which, however; is carefully preserved in the Redlands plant for 
its historical value. 


EXTENSIONS OF THE REDLANDS SYSTEM. 


In 1896 the business of the Redlands company had grown so 
that an extension became necessary, especially for the purpose of 
supplying power for pumping purposes. The transmission system 
was extended from Redlands to Colton and Riverside, and three 
100-kilowatt Wagner transformers were installed in the power- 
house for raising the potential to 10,000 volts for the Riverside 
transmission.* At the same time the pipe line of the plant was ex- 
tended 3000 feet, which increased the head by eighty-six feet, 
making a total static head of 510 feet, or a pressure of 230 pounds 
per square inch. The total length of the pipe line as thus ex- 
tended is 10,250 feet, most of which is of rivetted steel thirty 
inches in diameter. At the same time Pelton wheels of a later 
type were installed, and this plant, as extended, constitutes the 
present Mill Creek No. 1 station of The Edison Electric Company. 

Three years later, in 1899, the further growth of the business of 
the company had necessitated the building of the second station, 
now known as Mill Creek No. 2 station, which is so located that 
the water from its tail race is taken up directiy by the intake of 
the pipe line of Mill Creek No. 1 plant. This second plant con- 
tains two 250-kilowatt, revolving field, 11,500-volt, three-phase 


*THE JOURNAL, Volume IV, page 21, May, 1897. 


THE PELTON WATER WHEELS, GENERATORS AND EXCITERS WERE THUS ARRANGED 
IN THE ORIGINAL REDLANDS PLANT 
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generators, running at 375 revolutions per minute. They were 
put in operation in November, 1899, and though they have been 
in constant operation ever since, they have always given perfect 
satisfaction and have never cost one cent for repairs. It is in an 
extension to the building of Mill Creek No. 2 station that Mill 
Creek No. 3 plant is now being rapidly finished, and when this 
latter plant is ruuning it will be noteworthy as being driven under 
a higher head of water than any other electric transmission in 
the world, namely, 1960 feet. 

Prior to this, however, or, to be exact, in December, 1896, the 
people comprising the Redlands company organized a new corpo- 
ration, known as the Southern California Power Company, 
which made service of the water rights of the Santa Ana Canyon, 
and having appropriated and perfected them, entered into con- 
tract, in the spring of 1897, for the apparatus which has since been 
installed as the Santa Ana Canyon-Los Angeles transmission plant. 
In April, 1898, when the plant was partially completed, the entire 
property of the Southern California Power Company was sold to 
The Edison Electric Company, and the owners of the Southern 
California stock—Messrs. H. H. Sinclair and Henry Fisher— 
accepted in payment thereof stock of The Edison Electric Com- 
Company. The Santa Ana Canyon plant was completed in De- 
cember, 1898, when water was first turned into the canal, and 
since then it has never been turned out fora single instant. It 
should here be noted that Mr. O. H. Ensign was superin- 
tendent for the Southern California Power Company, and 
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no little delay the franchise asked for was finally advertised, but 
Mr. Peck was not the successful bidder. Later in the same year 
he entered a second application for an electric lighting and power 
franchise, but the Council would not even advertise it, and so, for 
the time, his efforts were thwarted. Nevertheless his persever- 
ance never flagged, and during the latter part of the year named 
he succeeded in obtaining from the Board of Supervisors of Los 
Angeles county a franchise enabling him to build and operate an 
electric light and power plant in a small territory immediately 
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under the general 
management of 
Mr. H. H. Sinclair, 
the plant costing ap- 

proximately $625,000. To Mr. Sin- 

clair and his associates there is, 

then, due a lasting debt of grati- 
tude by the engineering world for the part they took in pioneer- 
ing the development of polyphase transmission in America. 





THE LOS ANGELES BEGINNING. 


On the other hand, if the origin of The Edison Electric Com- 
pany be considered from the standpoint of its development in the 
city of Los Angeles, it must be regarded as beginning in the 
spring of 1895, when Mr. E. E. Peck applied to the Common 
Council of the city of Los Angeles for a franchise for the purpose 
of enabling himself and his associates to build and operate an elec- 
tric lighting and power plant within the corporate limits. After 








THE WATER POWER DEVELOPMENTS OF THE EDISON ELECTRIC COMPANY ON MILL 
CREEK AND SANTA ANA RIVER, TOGETHER WITH POWER HOUSE LOCATIONS 
AND POLE LINES TO REDLANDS, ARE SHOWN ON THIS MAP 


adjoining the city of Los Angeles on the southwest, throughout the 
districts known at that time as the University and Rosedale tracts. 

Thereupon Mr. Peck, together with Messrs. R. W. Martin and 
E. F. Billmeyer, erected a small frame building on Twenty-second 
Street, just east of Vermont Avenue, in which they installed an 
eighty horsepower Buckeye engine, an eighty horsepower fire-tube 
boiler, from which were driven, at the outset, a thirty-light, eight- 
een-ampere Western Electric arc lighting dynamo. After having 
installed an are lighting circuit, they started in business in De- 
cember, 1895, with a load which reaches a ‘‘ grand’ total of five 
commerical arc lamps and three street arcs, which latter were paid 
for by subscription by the residents thereabouts. Thus was made 
the Los Angeles beginning of the great system of the present 
Edison Electric Company. 

But before starting this rather primitive electric lighting plant, 
Mr. Peck was naturally looking for capital to aid him in its devel- 
opment, and as a result of his labors, Messrs. George H. Barker, 
W.R. Staats and W. S. Wright, of Pasadena, associated themselves 
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with him, and in December, 1895, a Fort Wayne 50-kilowatt 
2000-volt alternator and some Fort Wayne transformers and Shall- 
enberger meters of various sizes were ordered. In January, 1896, 
Mr. E. Y. Ware came from Denver and joined in the enterprise, 
and under his direction the work of running a line to supply alter- 
nating current lighting service was begun. In the meantime Mr. 
Peck renewed his efforts to persuade the Council to advertise an- 
other franchise for sale, but without success. Nevertheless, the 
lines from the little plant were extended into the city by setting 
poles on private property and simply crossing the streets with the 
line wires, but the lines were harassed by competitors, and the 
city at last cut the wires. These were replaced as fast as cut, and 
they were finally let alone. Despairing of getting a franchise of 
their own for the city, the owners of the plant finally bought an 
old franchise known as the Scott Franchise, in the spring of 1896. 
In order to fulfill its terms, they had but two weeks to get current 
into the City Hall, as the conditions of the Scott franchise were 
such that the municipal building had to be supplied with lighting 
current free of charge during the term of the franchise. To have 
secured the poles and built the long line necessary to reach the 
City Hall in that short time would have been a physicial impossi- 
bility, and so, purely as an accomodation, permission was granted 
by the Los Angeles Traction Company which enabled the plant to 
put its wires on the street railway poles of the Traction Company 
and thus it was that Mr. Peck and his associates were enabled to 
burn a cluster of lights in the City Hall on the night before the 
day on which the franchise would have lapsed had that not have 
been done. This was followed by a controversy with the City 
Council as to whether it or the owners of the Scott franchises 
should prepare the City Hall for electric lights, but at last the 
Council finally decided to do it, which 

ended one important phase of the 

situation. Then the validity of the 

Scott franchise was attacked, and suit 
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was brought to annul it, but this was finally settled in favor of the 
lighting plant, and so the controversy finally ended. 

To Messrs. Barker and Staats is due the credit for financing the 
project in its primary stages, and to Mr, W. S. Wright is due the 
credit for its legal work, both in the way of organiztion and in 
defending suits. 

On June 5, 1896, the West Side Lighting Company was incorpor- 
ated with a capitalization of $500,000, with George H. Barker, 
president; W. S. Wright, vice-president; W. R. Staats, secretary 
and Treasurer, and E. E. Peck and E. F. Billmeyer constituting 
the first board of directors. On July 6th, of the same year, Mr. 
Jason Evans succeeded Mr. Billmeyer, and on December 12th, Mr. 
J. H. Holmes succeeded Mr. Peck. On September 28th, also of 
1896, a $300,000 bond issue was authorized, and the enterprise was 
launched into a solid, full-fledged corporate existence. 

Soon after incorporating, a more central location for the plant 
was sought, and finally the old cable power house on the corner of 
Second and Boylston streets was purchased. The work of its 
transformation was rushed, and in December, 1896, the company 
began operations in its new location with two 90-horsepower Bab- 
cock & Wilcox boilers and a 60-horsepower Brownell open heater, 
one 150 horsepower Ideal Engine, and a 75-kilowatt, Fort Wayne, 
2000-volt alternator. The old equipment was moved over from the 
frame building on Twenty-second Street, and an earnest campaign 
for business down town was begun. The business of the company 
increased so rapidly that in January 1897, two 200-horsepower 
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Stirling boilers, one 175-horsepower Ideal Engine and one 120-kil- 
owatt, General Electric, 2000-volt alternator were installed, which 
were followed soon afterwards by the installation of a 250-horse- 
power Ideal engine, two 120-kilowatt, 
General Electric, 2000-volt alternators 
and a 150 horsepower Cochran Heater. 
In February, 1897, the old low tension 


THREE VIEWS OF MCUNT SAN BERNARDINO AND MILL CREEK CANYON 
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UP THIS TRAMWAY THEEMATERIALS FOR THE PIPE LINE AND PENSTOOK OF 
SANTA ANA PLANT NO. | WERE TAKEN 


arc dynamo was replaced by a Western Electric 9.6 ampere, 80-light 
arc machine and later a Wood 9.6-ampere, 80-light arc machine 
was added which were%latter supplemented by a Brush 9.6-ampere, 
125-light arc machine. In the fall of 1897 the company decided 
to go into the power business, and installed theretor, two 100-kilo- 
watt, 550-volt, Westinghouse direct-current generators. 

In December, 1897 the West Side Lighting Company sold out to 
the Los Angeles Edison Electric Company, which had incorporated 
on July 9, 1894, with a capital, of $500,000, it being necessary to 
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assume that name in order to obtain the Edison licenses. The 
name was then changed to Edison Electric Company which 
retained the old board of directors of the West Side Lighting Com- 
pany, but others were taken on subsequently. It was about that 
time that Mr. John B. Miller, now president of The Edison Electric 
Company, entered the board, and was elected treasurer of the 
company, whereupon he at once became an important factor in 
financing the company to its present imposing position. Early in 
1898, another Stirling boiler was added to the steam equipment, as 
were also a 500-horsepower condenser and a 500-horsepower Day 
open heater. A 300-horsepower Ideal engine was purchased and 
utilized in driving a Westinghouse three-phase, 240-kilowatt, gen- 
erator that had been supplied by the Southern California Power 
Company, with which The Edison Electric Company had con- 
tracted for power. 

Thus began the era of association between electric lighting and 
power interests of Los Angeles and power transmission interests of 
San Bernardino county, which eventuated in the consolidation of 
the two systems into a single enterprise which is second to none 
on the Pacific Coast in point of commerical and engineering im- 
portance. 


THROUGH MOUNTAINS AND ACROSS CANYONS, 


It is a truly remarkable experience to go over the water courses 
of The Edison Electric Company in Santa Ana Canyon. Perhaps 
I might better have said ‘hrough the water courses, for the tunnels 
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are indeed the most interesting part of the whole work. The 
story of the great reservoir at Bear Valley, of its enormous stor- 
age capacity and of the Paradises which its waters have wrenched 
from arid wastes, is an oft-told tale* so I will not repeat it. 

Less than three hours’ drive takes one—figuratively /ransports 
one—from the beauties of Redlands to the grandeurs of the Santa 
Ana Canyon. First, by bowered houses, then past orauge groves 
that fill the air with Eden and on we drive across and up the 
great river bed of the Santa Ana into its rugged canyon. The 
altitude and the deep shadows in the canyon make driving chilly 
—it is winter anyway--but ‘‘a drink that will cheer’’ is promised 
us soon, and when time has given a sufficient whet to our long- 
ings, we reach the stopping place where ‘“‘hot drinks’’ are served, 
fresh from a bubbling spring of boiling mineral water. Better 
toddy never was than this, so they say, and on we go past the 
power house and up to the intake of the canal. A few rods above 
is the confluence of Bear Creek and Santa Ana River, then comes 
the diversion with its gates and sandbox and directly the stream 
is swallowed by the gaping portal of Tunnel No.1. Then we 

*For*general conditions of the water supply of this section of southern 
California ‘and data concerning its development for power purposes, see an 
article;in}7he Engineering Magazine, Volume XIV, ‘page to11, by Mr. F.C, 
Finkle, March, 1898. 
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SECTIONS OF TUNNELS, SANTA ANA PLANT NO./1 


returned to the road and went back down the canyon for a 
half mile or so, and a short climb up the base of the mountain 
brought us again to the canal at the sand box, between the 
mouths of Tunnels Nos. 3 and 4. Here our boat awaited us, and, 
nearby, smoking restful corncobs and wearing great gum boots 
that reached the hips, were the three men who had spent the pre- 
vious four hours in pushing this self-same boat up against the 
waters that rush on their way to the power house. And our 
party was to float down in that boat, like the rich in their chaises, 
while these men were to walk back, by gracious, but such is life! 

Plash! Plash! in measured time sounded the buckets of the 
paddle wheel that raked leaves from off the screen in the sand box, 
and to the tune of its slow beating one by one we backed down 
through a narrow opening into the boat hidden partly within the 
tunnel. 

“Like crawfish, backing under a sheltering rock” quoth I. 

‘Like lobsters, attempting to escape being boiled alive’’ quoth 
my wife, who abhors tunnels and high bridges and uncanny ad- 
ventures. Ps 

So we piled in, all five of us (there was room in the boat. for as 
many more), and began a ride that was, to use the vernacular, the 
‘*very oddest ever.” A man standing in the bow had a lantern 
and as the boat would approach the sides of the tunnel he would 
push it off to keep from scraping. We first-class passengers, 
seated on boards softened by a single spread of guuny sacking, 
and presumably entitled to all the priveleges of the saloon of the 
ship, soon began to feel the cold, and there followed a mucinous 
outcry against a saloon which had no bar. 

Then up spoke the worthy captain, ‘‘ The bar’s all right; you’ll 
find it in due season.”’ 

On we drifted, ever onward toward that knothole of light per- 
haps a thousand feet down the tunnel through a seemingly inter- 
minable way of inky darkness. 

‘* We'll have to be pretty long drawn out to escape through that 
hole,’’ said some one. 
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The current was rapidly becoming swifter and the wierd silence 
of the tunnel was giving way to the babble of rushing waters. 

Then: ‘‘Here’s your bar,” said the captain. ‘‘ Line up.” 

The boat scraped along the bottom for a time, then skewed 
from side to side and finally, with a rasping grunt, stopped stock 
still. But it was only for a moment, for the water, backing up at 
the stern, gave it a mighty shove that upset the composure and 
balance of we uninitiateds and sent our craft merrily out beyond 
into the deep water of the tunnel. 

““Is that the bar you promised us ?”’ demanded one. 

‘*You ‘line up’ your friends by leaving ’em lyin’ down,”’ ob- 
served another. 

‘What shall we de with him, fellow citizens?’’ demanded a 
third. 





SCREEN METHOD OF REMOVING LEAVES.AND DEBRIS FROM THE SANTASANA FLUME 


And the outraged passengers, like the people of ancient Rome, 
roared vengeance by hanging, killing, drowning and otherwise, 
until the captain promised to be good and ‘‘square matters ”’ later. 

As on we went the knothole grew larger, and as the light and 
temperature increased, our senses mellowed to beauties of the 
scene through which we were passing. It chanced that the rays 
of the sun were falling squarely into the mouth of the tunnel 
from which we were about to emerge. The cement lining of the 
tunnel, faithful to its trust, made the sides and roof as dry as 
tinder, and tiny spiders, seizing the opportunity presented in the 
dry location and the prospect of rich harvests, had frescoed the 





“PLASH! PLASH! IN MEASURED TIME SOUNDED THE BUCKETS OF THE PADDLE WHEELS THAT RAKED THE LEAVES FROM OFF THE FLUME”’ 
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walls with thousands of silken webs upon which the sunlight, re- 
fiected from the water below, shone in matchless irridescence. 

We were silent now, for joking could not be, and on we leisured, 
from darkness through glories into the warmth of the God’s- 
blessed-sunlight which marked our delivery to the flume. Didn’t 
the warm air feel good, though, and wasn’t the balm of the 
mountain foliage delicious, even if we got but glints of them 
through the timbering of the flume as we still drifted onward. 

Then some one said that we had come literally as from night to 
day. Another thought it was like turning from the chrysalis to 
the butterfly. Then others indulged in such cheap talk as anent 
the egg and the chicken, and the jackass that was born down in 
the coal mine, but which at last was taken up above ground. And 
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We did not go through the final tunnel, for the water was so 
banked up at the penstock that the tunnel was filled to its roof 
and indeed it was very ‘‘low bridge” in the next to the last 
tunnel which we traversed. Next came an arduous climb up and 
around the mountain on which the pipe line is placed, then the 
equally arduous descent down the pipe line to the power house, 
where, thanks to a thoughtful host and hostess, dinner was await- 
ing our arrival. And you may be assured that after we had 
finished there was no dinner left to ‘‘ warm up’’ for supper. 

Topographically, Mill Creek Canyon differs radically from Santa 
Ana Canyon, for while the latter below the junction of the Santa 
Ana River and Bear Creek is virtually a barren ragged mountain 
gorge, through which the waters rush almost torrentially, Mill 





TWO-WAY SAND BOX IN SANTA ANA CANYON BELOW THE INTAKE OF SANTA ANA PLANT NO. | 


when each was asked if he felt like the poor Jack, such is the 
contradiction of human nature that not one would answer aye. 

Thus were scenes repeated as we journeyed down that won- 
drous waterway. Some tunnels were short, some were long and 
one of them—the longest of all—stretched out to a length of 
over 2000 feet, and in its center we were some 1500 feet beneath 
the surface of the mountain above. The further down we went 
the higher grew the elevation of the flumes above the river, until 
at last, in looking over the sides, it was dizzying to contemplate 
the more than 700 feet of abyss that yawned invitingly beneath 
us. In all, there are eighteen tunnels and sixteen flumes in this 
waterway, which aggregates a length of 14,384 feet or practically 
two and three-quarter miles, and the time consumed in making 
the trip down it by boat was twenty minutes. 


Creek is a stream of goodly size and of very even temperament in 
its flow. That it should be so becomes evident to any one who 
has driven up along its beautiful course, for here instead of bleak 
rock, rock, rock everywhere, as exists in Santa Ana Canyon, there 
are alders and cottonwoods and hazels and shrubbery galore, 
while ’neath the foot ferns and mosses thrive luxuriously. It is a 
most beautiful canyon, wherein through the long summer months 
campers find a matchless Mecca. Its soil, deep and absorbent, 
stores up the winter rains and the melting snows of spring to give 
them back through the summer and autumn months, and thus it 
is that Mill Creek has been endowed by Nature with its perennial 
flow. To the north, the grizzled side of old Mount San Bernardino 
rears to its mighty eminence, and, like the southern sides of all 
mountains in the southern part of the State of California, it is 
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covered only with rock that is bare except for the chapparel and 
greasewood that grows here and there. But across the canyon on 
the northerly exposure all is different, for there vegetation is 
shielded from the blanching rays of the sun and it thrives in ut- 
most glory, from the tenderest maiden hair and lichen to the stur- 
diest oak arid pine. 


HYDRAULIC CONDUIT, SANTA ANA CANYON PLANT NO, }. 


The hydraulic conduit supplying water to power plant No. 1 
of The Edison Electric Company, in Santa Ana Canyon, which 
was completed in the year 1898, begins at the junction of Bear 
Creek and Santa Ana River. The diversion of the water is made 
by means of two branch flumes, one carrying the waters of Bear 
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canyons between the various tunnels. 
tunnels on this conduit are as follows: 

Tunnel No. 1, 220 feet; tunnel No. 2, 460 feet; tunnel No. 3, 
700 feet; tunnel No. 4, 530 feet; tunnels Nos. 5 and 6, combined, 
goo feet; tunnel No. 7, 900 feet; tunnel No. 8, 2070 feet; tunnel 
No. 9, 730 feet; tunnel No. 10, 850 feet; tunnel No. 11, 700 
feet; tunnel No. 12, 840 feet; tunnel No. 13, 210 feet; tunnel No. 
14, 540 feet; tunnel No. 15, 220 feet; tunnel No. 16, 780 feet; tun- 
nel No. 17, 560 feet; tunnel No. 18, 830 feet; total, 12,040 feet. 

All of these tunnels are lined with concrete throughout so as to 
give a net width of four and one-half feet and a net height of six 
and one-half feet. The method of construction is shown in the 
drawing of tunnel sections appearing on page 17, and in the illus- 


The length of the various 
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Creek, and the other one, those of the |Santa Ana River, to the 
junction where they are delivered into tunnel No. 1 at the head 
of the conduit. The water is delivered into these flumes by 
means of dams placed across the two channels. It is the pur- 
pose of the company to construct a dam across the canyon im- 
mediately below the junction of the two streams which will raise 
the level of the water sufficently to do away with the two flumes. 
When this dam is constructed the water will be raised by means 
of it to a level which will deliver it directly into tunnel No. 1, 
whence it will flow as at present down the canal. 

The line of the conduit consists of eighteen tunnels driven 
through the various spurs of the mountain side, extending from 
the junction of Bear Creek and the Santa Ana River to the head 
of the pressure pipe, and of a number of flumes spanning the 


tration of the portal of tunnel No. I appearing on page 14 
The carrying capacity of these tunnels is 120 
second-feet of water, which will generate at the power station 
The tunnels are all connected by means of 
flumes spanning the ravines. The carrying capacity of the flumes 
is the same as that of the tunnels—120 second-feet of water. 


of this issue. 


6000 horsepower. 


The conduit has been constantly in use since the latter part of 
the year 1898, and it has never been found necessary to turn the 
water out for the purpose of making repairs to the work. After 
the water is admitted at the head of the conduit it is passed 
through a sandbox or settling basin where the sediment is allowed 
to precipitate before the water is carried on to the power plant. 
This sandbox consists of two parallel hoppers with sluice gates in 
the bottom through which the accumulated silt can be expelled. 
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The water is passed through one 
hopper while the other is being 
emptied, thus causing no inter- 
ruption of the flow of water 
while the sand sluicing is in 
progress. 

Above the intake of this con- 
duit is a tributary watershed of 
172 square miles, ranging in ele- 
vation above sea from 3500 to 
12,000 feet. On the upper por- 
tion of Bear Creek is a storage 
reservoir regulating the dis- 
charge from fifty-four square 
miles of this watershed, storing 
the winter flood and permitting 
the water to be discharged dur- 
ing the dry season when most 
needed. The Bear Valley reser- 
voir has a dam fifty-four feet in 
height and a storage capacity in 
the basin behind this dam of 
9,778,440,000 gallons. All the 
water flowing from this reser- 
voir must pass down Bear Creek 
to the intake of the Santa Ana 
conduit and power plant No. 1, 
whence it is diverted and car- 
ried down to the power house 
combined with the flow of the 
Santa Ana River. 

Below the intake tunnel, 
where the water is run through 
the sand box, there is a large 
grizzly having a cross section of 


thirty feet by seven feet, and over which there travels a rake every 
quarter of a minute, this rake being driven by a paddle wheel 





SAND IS FLUSHED OUT THROUGH HOLES IN THE BOTTOM OF THE SAND;BOX 


placed in the main canal. The arrangement has proven so effective 


in heavy storms which occur in the beginning of the winter sea- 
son, causing the water to bring down quantities of small debris, 
that, although it has sometimes happened that the headworks 
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men could not give the sandbox 
much attention for several 
hours, they have at the end of 
that time found the penstock 
to be perfectly clear of leaves 
and driftwood, and as a result 
the plant has never suffered an 
interruption. This sandbox is 
peculiar in that it consists sim- 
ply of two large rectangular 
reservoirs, the bottom of which 
are divided into several small 
compartments which have a 
depth of two feet. The sand- 
box has a grade of two feet in 
fifty, and at the lower end of 
the compartments named there 
isa plug valve eight inches in 
diameter, which is provided 
with a stem that runs up through 
the water to the board walk 
above. This valve is lifted by 
a small block and tackle, which 
opens the hole in the bottom of 
the compartment, and as the 
water can be turned into each 
compartment, it is an easy mat- 
ter to clear the box of sand in 
a very few minutes with a small 
amount of water. So effective 
and simple is this arrangement 
in operation that no trouble 
whatever has been caused by 
sand, which, however, would 
not otherwise be a great source 


of trouble except during a few weeks of winter storms when the 
canyon stream becomes torrential. 
THE PIPE LINE IN SANTA ANA CANYON, 


It is a very precipitous mountain which overtops the location of 
the power plant of The Edison Electric Company in Santa Ana 
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Canyon, and, as is the case with all high head power plants, the 
station is situated at the base of the mountain, which, in the pres- 
ent instance, gives a fall for the pressure pipe of 728 feet, the 
water being conveyed in a thirty-inch steel riveted pipe which has 
a length of 2210 feet. This pipe begins at the end of tunnel No. 
18, which has a length of 1260 feet, and in which the water is 
backed up to a depth of six feet. The pipe line at the penstock 
is of three-sixteenths-inch steel, and terminates at the power 
house with a thickness of nine-sixteenths of an inch. It is 
double-lap riveted in the longitudinal seams throughout, and 
single riveted in the round seams, and is protected by thoroughly 
dipping in a mixture of asphaltum and crude oil. Moreover, the 
pipe line is buried throughout at an average depth of seven feet 
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line, with one unit on either side. Although this arrangement 
necessitates making a right angle at the tee, practically no drop 
in pressure results from this angle. In fact, the drop in pressure 
is by test only a pound and a half. It will be practicable to shut 
off the valve on either pipe line and empty it for repairs or in- 
spection without interruption to the plant. A valve will also be 
placed in the receiver, dividing it into two halves, each fed by 
one pressure pipe, and so arranged that water for the exciter 
wheels can be taken from either half. At the head of the pipe 
line there has been placed a gate, consisting of a rectangular 
piece of boiler plate working in brass slides, and by means of 
which the water can be shut off from the pipe line. This gate is 
under electrical control and is operated by means of a push button 
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in firm ground, which is of such solid nature that no other anchor- 
age further than the weight of the earth upon it is necessary. 

It is laid in almost a straight line; in fact, it contains no angle 
greater than ten degrees. As to the method of laying this pipe 
line, it was started from a point about seventy-five feet from the 
power house and laid up the hill. The last joint was connected 
up to the power house by riveting in a collar on a warm day, and, 
inasmuch as all the pipe above had been buried, there was no 
chance for the pipe to move down hill and thus put a strain on 
the power house fittings. The second pipe line, parallel to the 
first one, is still to be installed, and preparations have been made 
by which it will enter the receiver. The receiver is the same 
diameter as the pipe now installed, and sets at right angles to it. 
The water for one unit is taken directly from in front of the pipe 


placed in the power house. Its valves act by means of oil upon a 
ram, pressure being given to the oil by reason of a pipe line run- 
ning to a storage tank filled with oil placed at an elevation of 
about 127 feet up the mountain side. While it would have been 
possible to have used water for this purpose during much of the 
time, it was deemed advisable to use oil, because it will neither 
freeze in cold weather nor cause either the cylinder or piston to rust. 


THE HYDRAULIC FEATURES OF MILL CREEK NO. | PI ANT. 


The hydraulic features of Mill Creek Plant No. 1 were installed 
under the direction of W. C. Butler of Redlands, hydraulic engineer 
to the Redlands company, and, as first installed, the wheels were 
supplied with water at a head of 377 feet, but in 1896 the pipe line 
was extended a distance of 3000 feet up the canyon, which 
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increased the head to 530 feet, and at the same time the Pelton 
wheels and nozzles were changed. The pipe line then consisted of 
10,250 feet of riveted steel pipe, beginning with No. 12 gage at the 
upper end and terminating in ,°; at the receiver. The pipe line 
was thirty inches in diameter, while the receiver had a diameter 
of forty-eight inches, and upon it the nozzles were riveted. The 
water wheels were arranged underneath the receiver, with the 
wheel shaft set at right angles to it, and, the shaft being extended 
through the wall into the power house, the nozzles discharged 
into acommon tail-race running longitudinally just outside the wall 
of the power house. At the time these alterations were effected 
a third machine of similar capacity was installed, and its mode of 
installation was the counterpart of that of the two previous ma- 
chines, with the exception that it was given two bearings. 


- 


THE HYDRAULIC FEATURES OF MILL CREEK NO. 2 PLANT. 


It was in 1898 that the load which had been thrust upon the ori- 
ginal Redlands plant became so heavy as to make it imperative 
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tunnel about 400 feet in length, the upper end of which passes 
under the bed of Mill Creek at a depth of eighteen feet below the 
surface. This tunnel collects the underflow of the stream by in- 
tercepting it as it passes through the voids in the gravel and sand 
comprising the channel. The surface flow is diverted into the 
tunnel through a shaft communicating with the level of the 
tunnel and located near the bank of the stream. This shaft is 
lined with concrete and has a grating of steel T-rails in the side 
adjoining the stream, through which the water enters it, and by 
means of this grating all debris and rocks are excluded from the 
shaft and tunnel. There is also a gate for regulating the amount 
of water entering the shaft, placed just outside of the T-rail 
grating. A concrete dam three feet above the level of the stream 
channel deflects the water into the shaft. There is a sluice gate 
in this dam, by the opening of which the water passes down the 
stream instead of into the tunnel. The tunnel is partly in solid 
rock and partly in boulders and gravel, being timbered-or con- 
crete lined with the latter. 
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SANTA ANA POWER HOUSE NO. |, SHOWING PIPE LINE TRENCH AND RESERVOIR FOR THE LOMBARD GOVERNORS 


that further power should be developed, and fortunately the loca- 
tion of Mill Creek was such that all the water which ran through 
plant No. 1 was susceptible to prior use by diverting it further up 
the canyon and applying it at a new location, known as No. 2 
plant, which could be situated so that the water from its tail-race 
would be immediately taken up by the intake of the pipe line of 
No. 1 plant. In line with this policy the construction of Mill 
Creek plant No. 2 was begun on the 24th day of October, 1898, 
and it was completed upon the Ist day of September, 1899, hav- 
ing been carried on continuously between those dates. 

The map on page 13 gives not only the location of the 
power plants of The Edison Electric Company in San Bernardino 
County, but also shows the routes of Santa Ana Riverand Mil- 
Creek, as well as the locations of their waterways and diversions. 
The water from Mill Creek No. 2 plant is diverted by means of a 


There are twenty-two flumes along the line of power plant 
No. 2. These are for crossing ravines and flats lying below the 
grade line and passing along the sides of certain rocky and 
precipitous cliffs. They are each from twenty-two to 400 feet in 
length and usually consist of sixteen-foot spans. In some cases 
where footings for the trestles could not be found that close 
together the spans are made thirty-two feet long and supported 
by hog-chain trusses. The dimensions of flume are thirty-six 
inches wide by twenty-six inces deep, the flume box being con- 
structed of one-and-one-half-inch clear surfaced redwood, placed 
in position longitudinally to the flow of the water. The trestles, 
caps, stringers and yokes are all of clear Oregon pine, and all 
footings for trestles are constructed of cement concrete. Flumes 
in exposed places are heavily covered with planks and timbers 
from two to six inches in thickness. Such covering is for the pur- 
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pose of protecting the flume against rolling boulders and landslides. 

Flume No. 1 is located between the intake tunnel and the sand 
box. All the other flumes are in the conduit below the sand box, 
being distributed throughout the entire line. The most notable 
and picturesque of these flumes is the one known as Sheep Cliff 
flume, which is constructed along the side of a nearly vertical 
cliff. The total combined length of all the flumes on power 
plant No. 2 is three-fourths of a mile. 

The remaining portion of the gravity conduit not in flume 
consists of Portland cement concrete pipe having an internal 
diameter of twenty-two inches. The length of such concrete pipe 
is two and one-quarter miles. The pipe was made in two-foot 
sections with a thickness of shell of two inches. The material 
used was the natural gravel and sand taken from Mill Creek wash, 
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inches inside diameter were used for the purpose of overcoming 
any possible loss of carrying capacity due to entry head. The 
trenches were laid out in such a manner as to create no curve 
having a lesser radius than eighteen feet, while nearly all curves 
are of more than fifty feet radius. 

The grade of the gravity conduit, both the flumes and pipe, is 
two-tenths of a foot per 100 feet, and the result of the construc- 
tion of the flumes and pipes above described on this grade was to 
produce a conduit having a capacity of ten second-feet of water. 

The maintenance of the twenty-two-inch pipe is made easy by 
manholes along the line, which are located at intervals of 500 
feet. The pipe, after being laid, was covered with from two to 
three feet in depth of soil and rock, which protects it from land- 
slides and rolling boulders. 
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screened through one-and-three-quarter-inch mesh, three parts, 
and Portland cement, manufactured at Colton, Cal., one part, by 
measure. After the materials were properly wet, and thoughly 
mixed, the pipe was made in forms such as are ordinarily used 
for the purpose. When time for curing had elapsed, the pire 
sections were hoisted, two for each trip, on a standing line cable 
extending from the bottom of Mill Creek Canyon to the trench 
grade on the mountain side above. From the platform at the 
upper end of hoists the pipes were rolled in the trench to the 
place where they were used. Joints used in laying the pipe were 
of the Ogee type, with heavy cement collars on the outside and 
smooth finish inside. 

At the intake of the pipe, below the sand box and at the lower 
end of each flume, taper pipes from twenty-six to twenty-two 


After passing through the intake tunnel and flume No. 1 the 
water enters the sand box or settling basin of concrete. This is 
twenty-two feet wide by fifty feet long and is divided into five 
compartments by means of concrete cross walls. The depth of 
the sand box is five feet along the upper side and nine feet along 
the lower. In addition to having a slope of four feet in twenty- 
two thus created, the bottom of each chamber is V-shaped, so that 
sand collected can easily be expelled by sluicing through the gate 
at the lower end of the chamber. A flume passing along the 
upper side makes it possible to deliver the water into any one of 
the five chambers, from which it can pass on from one compart- 
ment to the other through wide crested weirs, until it finally 
reaches the pipe line. The large cross section occupied by the 
water while passing through the sand box reduces its velocity so 
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that silt carried in suspension will be deposited before it reaches 
the pipe line. 

There were originally five tunnels constructed on the line of 
No. 2 power plant. These are of the following lengths: Tunnel 
No. 1, 400 feet; tunnel No. 2, 450 feet; tunnel No. 3, 450 feet; 
tunnel No. 4, 570 feet; tunnel No. 5, 140 feet. 

Concrete pipes, the same as laid in the trench, are laid through 
all the tunnels. Since the construction of the plant another tun- 
nel, located between tunnels Nos. 3 and 4, has been added. This 
takes the place of flume No. 18, which was slightly damaged in 
a storm, thus deeming it advisable to drive a tunnel behind the 
canyon spanned by this fume. The length of this new tunnel is 
173 feet. 

At the end of the gravity conduit a forebay, twenty feét by 
seventeen feet, inside measurement, and from five to ten feet 
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It is double-dipped in asphaltum to preserve it against rusting. 
The whole line is laid in a trench from three to six feet deep, and 
carefully back-filled with earth and rock. 

Heavy anchors of concrete are placed, extending all around 
the pipe, at five different points on the line. These are dovetailed 
into the solid rock in the sides and bottom of the pipe trench, and 
will prevent movement of the pipe line under all possible condi- 
tions. At the end of the main pressure pipe there is a large cast 
steel Y, by means of which the line is branched into three pipes, 
two of which are thirteen inches in diameter and conduct water 
to the two generators operated from this pipe line, while the 
third is six inches in diameter, being used for supplying water to 
the two exciters. Since the curves made in branching the pipe 
are all of long radius, there are no losses of head due to elbows 
and angles. The pipe line is well equipped with blow-offs, air 
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deep, has been constructed of concrete masonry. The purpose 
of this is two-fold, namely, to allow the water to settle before 
entering the pressure pipe, so that silt which may have been 
washed into the conduit, through possible breaks, will be depos- 
ited, and so created a penstock for submerging the inlet of the 
pressure pipe. The very decided slope of the forebay bottom 
renders it extremely easy to expel accumulated sediment through 
the waste gate placed in the lowest corner of the structure. 

The length of pressure pipe from forebay to power house is 
1411 feet, giving a fall of 627 feet between the two points. This 
pipe is eighteen inches inside diameter, and is manufactured from 
steel plate, No. 14 to No. 0, B. W.G. The pipe is made with 
double-riveted longitudinal seams and single-riveted round seams. 


valves and pressure gauges. There is also a stand-pipe for the 
escape of air bubbles located at a point twenty feet lower than 
the forebay, an air chamber for counteracting water hammer, 
located near the power house. and two eighteen-inch gate valves, 
one at each end of the main pipe line. The factor of safety for 
everything entering into the construction of the pipe line ranges 
from five to six, and its operation for more than two and one-half 
years has shown it to be perfect in every respect. 

For the overflow of the forebay a waste flume, constructed of 
two-inch clear surfaced redwood, and 1200 feet in length, extends 
down the slope of the mountain to Mill Creek. This waste flume 
is for carrying any portion, or all, of the water flowing in the 
gravity conduit back to Mill Creek stream when it is not passing 
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through the pressure pipe. It has a capacity sufficient to carry 
all of the water flowing in the gravity conduit, and it is securely 
anchored to the bedrock and soil of the mountain. 

The water, after passing through the water wheels, or when de- 
flected from there, passes out through a tunnel from each wheel 
pit, and below the power house floor. In these tunnels, and im- 
mediately beyond the line of the generators, are placed upper 
and lower curved deflector plates. The stream, when either partly 
or wholly deflected, strikes the upper plate, which is anchored in 
the arch of the tail-race tunnel, and is turned down, striking the 
other plate in the tunnel floor. The curve of the lower plate is 
such as to again direct the water along the floor of the tail-race, 
in which manner it passes for a distance of thirty feet beyond the 
outside of the power house, entering 
the main tail-race. 

The main race is of concrete fora 
distance of forty-five feet, after which 
a flume four feet wide and three feet 
deep conducts it a distance of 790 feet 
across a channel of Mill Creek, de- 
livering it into the fore- 
bay at the head of Mill 
Creek No. 1 power con- 
duit. This tail- 
race flume is 
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The designs and superintendence of construction for the above 
were by F. C. Finkle, during 1898 and 1899, as chief engineer of 
the Redlands Electric Light and Power Company, which built the 
plant. The water wheels* were designed by the Pelton Water 
Wheel Company, and the electrical equipment by the General 
Electric Company, but were installed under the superintendence 
of H. H. Sinclair, president, and F. C. Finkle, chief engineer, of 
the Redlands Electric Light and Power Company. 


THE HYDRAULIC FEATURES OF MILL CREEK NO. 3 PLANT. 


There was one month’s active construction on this power plant 
during July, 1899, After this and until July 1, 1901, work was 
carried on with a small force driving tunnels. On July 1, 1901, a 
large construction force was again put in the field, and the plant 
will be completed about January 15, 1903. 

The intake is similar to the one constructed for plant No. 2, be- 
ing a tunnel 350 feet in length projected through a spur of the 
mountain and under the bed of the stream at a depth of fifteen 
feet below the surface. The tunnel effectively collects all the 
underflow of the creek at this point. The surface flow is diverted 
into the tunnel by a shaft exactly similar to the 
one at intake No. 2 plant. 

There is only one flume along the whole line of 
the gravity conduit, and this is for 
the purpose of conducting the water 
from tunnel No. 1 into 
the sand box. It is of 
two-inch clear surfaced 
redwood, four feet wide 
by three feet deep, and 
about 200 feet in length. 
The sand box is prac- 











END SECTION OF SANTA ANA POWER HOUSE NO. | 


constructed of clear redwood, from one and one-half to two inches 
in thickness, on a trestle work from four to sixteen feet in height. 
The arrangement of the tail-races has proven entirely satisfac- 
tory. When the stream is wholly deflected the force of the jet is 
completely neutralized by the two deflectors, causing the water to 
pass through the portion of the tail-races beyond at an ordinary 
velocity. The wear of the plates up to the present time has. been 
very slight; but should it ever become necessary, they can readily 
be replaced by new ones, since they are bolted down on the con- 
crete and not embedded in it. 

The power house, which was thirty-seven and one-half by forty 
feet, is built entirely of comcrete masonry and steel, and is equipped 
with a fifteen-ton traveling crane. The walls and floor of the 
building are of concrete and the roof is a steel truss of flat and 
angle bars covered with galvanized corrugated iron. 


tically 100 feet long by fifty feet wide, and built according to the 
plan of sand box for plant No. 2,+ with the following exceptions: 
There are eight chambers twelve and one-half feet wide by fifty 
feet long; the slope in each of these towards the gate is four feet 
in fifty, and all of the dividing walls between the chambers is 
three feet below the water surface in the sand box, except the 
middle wall, which is higher than the water surface, and allows 
the water to pass through a gate instead of over the wall. 

While the precautions which have been taken to clear the water 
which will be applied to the water wheels of Mill Creek plant 
No. 3 are unusually thorough, it should be remembered that the 
high head at which these wheels operate make it necessary that 
the water should be as free from grit and sediment as is possible. 


*Described in detail in THE JOURNAL, Volume XI, page 31, January, Igor. 
tDescribed on page 23 and illustrated on page 38 of this issue. 


SIRF 


as 
= 


banat SRR Rd AO alee 2 TT 


+ 


8 et 


| ie neem 


a 


<k 


en 





| 
} 
| 
| 








26 THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


There are five places along the line of the gravity conduit 





i Diameter Thickness 
No. of Siphon. | Length in | of Pipe | of Pipe Shell 
P | Lineal Feet. | in Inches. B, W. G. 

| | 
eee 
| 

I 850 30 12 

2 315% 22 14 

3 120 30 12 

4 150 30 12 

5 


2150 | 22 14 
aad a, | 
These siphons are equipped with) blow-offs, air valves and 
bell-mouth taper inlets. The profile of the line gives such an 
hydraulic head on each siphon as to make the carrying capacity 
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ike. 








PLAN AND ELEVATION OF A GENERATOR SECTION OF SANTA ANA PLANT NO 1 


of each twenty second-feet of water, regardless of the fact that 
they vary in diameter. All the siphon pipes are laid in covered 
trenches, with the top of pipe three feet below surface of ground. 

There will be about 25,000 lineal feet of concrete pipe of thirty- 
one inches inside diameter. The shell of this pipe is three inches 
thick. It is made of wash sand and gravel, screened through 
two-and-one-half-inch mesh, two and one-half parts, to Portland 
cement one part, by measure. The mortar is well mixed, 
sprinkled to make it wet, and tamped in forms such as are ordi- 
narily used for making cement pipe. The pipe is made in two- 
foot sections and laid with heavy cement collars outside for joints, 
and plastered smoothly inside. The trench is back-filled to cover 
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THE EXCITER SECTION SANTA ANA PLANT NO. |! 


the pipe at least three feet everywhere. The pipe is laid through 
all of the tunnels, as well as along the open country between 
them, except where siphons are constructed. The grade of the 
gravity conduit is two-tenths of a foot per roo feet, which will 
give a carrying capacity of twenty cubic feet per second. 

There are nineteen tunnels on line of power plant No. 3 in Mill 
Creek. They are excavated four feet wide by six feet high in the 
clear. The length of each of these tunnels is given in the follow- 
ing table: 











Number Length i| Number Length 
of Tunnel. in Feet. } of Tunnel. in Feet. 

I | 350 | iI 498 

2 550° 12 950 

3 175 13 236 

4 330 14 406 

5 111.6 15 294 

6 382 16 157 

7 396 17 1067 

8 190 18 400 

9 135 19 190 

10 613 





At the end of the gravity conduit is located a forebay suf- 
ficient to hold ten second-feet of water, continuous flow, for six 
hours. The purpose of this structure is to store the surplus water 
at times when the load on the plant is light and make it available 
on the peak load, extending over about six hours each day. The 
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forebay is constructed by throwing an earthen dam twenty feet long on the bottom, 166 
feet long on the top, and thirty feet high across a ravine at the head of the pressure pipe. 
The dam is rendered impervious by paving its up-stream slope with cement, and all weak 
places in the -béttom and sides of the reservoir will also be similarly paved. The great 
value of this storage in connection with No. 3 power plant can readily be seen when we 
remember that ten second-feet, for six hours, through power plant No. 3, meats 1500 
actual electrical horsepower during that time, and 400 such horsepower more through the 
company’s No.‘t plant, through which the water will also pass after leaving No. 3 plant. 
The pipe line from the forebay to power house No. 3 is 8400 feet long and has a fall of 
1960 feet from the water level in forebay to power house floor. The main line consists of 
2485 feet twenty-six-inch pipe, 2150 feet twenty-four-inch 
riveted pipe, and 3450 feet twenty-four-inch lap-welded, 
with eighty-two feet eighteen-inch and 233 feet fourteen- 
inch pipe for branch lines to the four different units. 
All twenty-four-inch and twenty-six-inch pipe is con- 
tinuous riveted pipe, varying in thickness from No. 14 
to ooo0, B. W. G., and all other twenty-four-inch pipe is 
lap-welded from seven-sixteenths to seven-eights inches 
in thickness, The > eighteen a and fourteen- inch branch 
pipes are also lap- welded of five- “eights and one-half-inch 
metal, respectively. The material used for all these 
pipes is open-hearth, box-annealed steel, of 40,000 to 
60,000 pounds per square inch tensile strength. All 
joints, except those used in laying the eighteen and 
fourteen-inch branches, are riveted; the latter are made 
with solid welded steel flanges. The branching of main 
pipe lines is done by means of cast steel Ys and curves 
having radii from nine to twelve feet. Ail flanges on 
these specials are also of cast steel. The line is fully 4 
equipped with air valves, blow-offs and pressure allevia- 
tors, which make accidents caused by the formation of a 
vacuum or by the presence of water hammers impossible 
of occurtence. -— ,o:9 
The joints used in laying the force main of the pipe line 
of Mill Creek plant No. 3 were made in the following 
manner: On riveted pipes all joints are made by means 
of a single row of rivets, such joints being in what is 
known as ‘‘round seams.’’ The details for this riveting 
are shown by the sketch on page 39. The description : 
of the work is as follows. The holes are punched with a 
multiple punching machine in a manner to make them 
all meet fairly when the sections of pipe are pulled : 
together: The joint is then riveted, cold rivets being 
used on all gages lighter than No. 8 B. W. G. and hot 
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rivets for all heavier gages. After the seams are riveted “ ° 
the pipe is chipped and calked to make a perfect union, 
metal to metal, entirely around the circle of the joint. 
Where the lap in the joint occurs the metal of the over- : ‘ 
lapping sheet is also chipped and calked in the same 0 f 


ARRANGEMENT OF TRANSFORMERS AND HI3H TENSION WIRING, SANTA ANA PLANT NO. 


manner. After this is done the inside and outside are 
painted with asphaltum to protect the pipe against the 
action of water and soils. 

The joints on lap-welded pipes are 
made in two different ways. On the 
lighter pipes what is known as the 
‘‘expanded”’ or ‘‘ bump ”’ joint is em- 
ployed. One end of the pipe section 
is swelled sufficiently to permit the 
other to enter it. Holes are punched 
through both thicknesses of metal 
where the insertion of one pipe into another is made and the riveting is done by means of 
hot rivets in the same manner as shown for round seams for riveting pipes in the drawing 
herewith. The joint is also chipped and calked in the same manner as on riveted pipe. 
For the lighter gages of lap-welded, expanded-joint pipe one row of rivets is employed in 
making the joint, but for metal having a thickness of from five-eighths to three-fourths of 
an inch, two rows are used, and the rivets staggered in the same manner as when making 
straight seams on riveted pipe. The diameter of rivets used for these heavier pipes is 
seven-eighths of an inch. A portion of the lap-welded pipe is made with solid welded steel 
flanges. The joint employed in laying these pipes is also shown in the sketch which 
applies to the lap-welded pipe with shell three-fourths of an inch in thickness. The prin- 
ciple of this joint is that a groove runs entirely around the flange, as shown in the separate 
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A STUDY OF THE SANTA ANA TAIL RACE, SHOWING, IN THE LAST TWO VIEWS, FULL LOAD AND NO LOAD DISCHARGES RESPECTIVELY 


drawing, into which is squeezed a five-eighths-inch circular rubber 
gasket. This gasket is made in the form of a circle and not of the 
exact diameter of the groove in the flange. It is inserted into this 
groove and pressed into the space shown when the flanges are 
drawn together so as to have their faces come metal to metal. 
The principle of this joint is excellent, since the possible escape of 
water from the interior of the pipe, and the pressure against the 
rubber gasket which may be due to it, simply tend to press the 
gasket more firmly into the recess in the flange, thereby making 
an absolute guarantee against leaks. There is no chance for this 
gasket blowing out, since the flanges are drawn up by means of 
the bolts so as to have the two metal faces in perfect contact. 


SANTA ANA POWER HOUSE NO. }. 


A substantial concrete building, having an inside length of 127 
feet and being thirty-six feet in width, houses the machinery that 
constitutes the plant known as Santa Ana Station No.1. The 
building is, in fact, one single piece of monolithic concrete, and 
no iron is used in its construction except that necessary to support 
the crane and steel roof, This crane spans twenty-seven feet of 
the building, one side being supported on the wall nearest the 
water wheels, and the other side being supported by iron columns 
practically in line with the switclrtboard Each generator, with its 
Pelton water wheel, is mounted on a base plate having three 
common bearings, and the four generators and water wheel sets 
which constitute the plant are arranged with shafts parallel to the 
long way of the building. The water is directed upon the wheels 
by means of a deflecting nozzle which leaves the receiver at right 
angles, and when the stream is deflected from the wheel it is pro- 
jected through a tunnel beneath the floor of the power house and 
outside the building through a covered duct. The latter part 
is lined with boiler plate to a point about seventy-five feet from 
the wheel, where these seperate ducts are united to a common 
canal twelve feet wide and ten feet deep. The accompanying 
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DETAILS OF THE TAIL-RACE OF SANTA ANA PLANT NO. |! 


MMM 


illustrations and drawings give the details of this very interesting 
piece of construction, which it is confidently believed is the peer 
of any similar work to be found elsewhere. The water in the 
transverse section of the tail-race is kept at such a height that it is 
just awash with the wheel-pit linings, or practically three feet 
below the buckets of the wheels. This results in a cushioning 
effect, which quiets the jet when the nozzle is deflected. So far as 
known, this arrangement is the first of its kind ever applied to 
wheels of the Pelton type, and by means of it each individual 
wheel and its wheel pit are easily accessible without interference 
from the discharge water from the other wheels, and as a result 
the arangement permits the exercise of diligence in the mainte- 
nance and inspection of that part of the hydraulic plant. 

Each generator and wheel are, as stated, mounted upon a 
common castiron base with three bearings. The generators are of 
the revolving field type, running at 300 revolutions per minute, 
and being each of a capacity of 750 kilowatts. They are wound 
with a bar winding for 750 volts, and the armature is three-phase 
Y connected, delivering current at fifty cycles. The plant at 
present contains four such units, with foundations for four more 
similar units, to be installed when the second pressure pipe is put 
in. The exciter units are three in number, each having a capacity 
of thirty kilowatts at 175 volts, and are direct connected to suit- 
able Pelton wheels.* The generator wheels are governed by Type 
F Lombard governors, which operate to deflect the nozzle, and are 
actuated by water at a head of approximately 120 feet, supplied 
by an independent reservoir. This is in turn furnished by water 
taken from the main pipe line. These governors were the first of 
the type named that were ever manufactured, and the entire plant 
and system was constructed with the idea of maintaining water 
wheel regulation of the highest possible degree of perfection. In 
this the expectations of the company’s engineers have been fully 
realized, for they contend that better governing has been obtained 





*Described in detail in THE JOURNAL, Volume XI, page 31, January, 19or. 
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in the hydraulic plant of the Santa Ana station than it is possible to secure with a steam 

plant, unless it be in the use of steam turbines. The exciters are governed by small mechan- 

ical sectroidal governors. The water wheel and exciter governors were furnished by the 

Pelton Water Wheel Company, as was also the receiver, together with its connections and 
valves. The generators were furnished by the General Electric Company. 

The generator switchboard is a simple arrangement, with double busbars, having a separ- 
ate panel for each generator, and total output panel, with suitable recording and integrat- 
ing instruments, and two transformer panels, each containing two sets of transformer 
switches. All of the switches are of the quick-break knife type and have been perfectly 
satisfactory. The exciter panels are also in duplicate. All low tension wiring is of 700,000 
circular mils. cable, which is carried from the transformer switches to the transformers 

f through an air duct which runs beneath the floor. The twelve 250-kilowatt transformers 
used are all of the air-blast type and are carried on I beams, each group of three being 
placed in a row across the transformer pit, which is of sufficient depth to allow a man to 
get underneath the transformers should it be necessary. Through these transformers the 
generator potential of 750 volts is stepped up to 33,000 volts in Y-connection, the neutral 
point being grounded at the station. 

As is clearly shown in the illustration on page 24, the high potential board is 
mounted in a gallery over and slightly to the rear of the generator board, and it consists 
of a transformer panel for each three-phase group of transformers, two line panels, and one 
connecting panel, which consists of a double busbar arrangement with double throw 
switches. By means of these switches the connecting panel may be divided in half, mak- 
ing it possible to operate on either of the two transmission lines on one-half of the bank of 
transformers, so that either half of the high-tension board may be rendered dead for repairs 
or cleaning. This 
high-tension board 
is half-way between 
the inner rail of the 
crane and the wall 
of the building, 
facing the tail-race, 
while the trans- 
formers are in line 
with the space back 
of the low-tension 
board on one side 
and the exciters on 
the other. All 
high-tension appa- 
ratus is protected 
by General Electric 
short-gap lightning 
arresters having 
forty-eight gaps to 
each leg, and the 


arresters are so ad- 
A VIEW IN MILL OREEK CANYON. : 
justed that an arc 
will hold at about 
42,000 voltsfor a fraction of a minute without injury to the arrester equipment or impairing 
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its usefulness. The highest operating voltage is 34,700. 

The Santa Ana station has been in absolutely continuous operation since January 22, 1898 
and there is yet to occur the first shut-down of one moment’s duration due to the failure of 
any part of the canal line, power house or its equipment, and, as far as the machinery of 
the power house is concerned, there have been no repairs except of a very minor nature, 
such as renewing a small valve or a small pipe here and there, and other repairs to worn- 
out nozzle tips and a few buckets for the exciter wheels. Not a single bucket for the large 
wheels has been changed or altered in any way during the entire period. 


THE 33,000-VOLT TRANSMISSION LINE. 


The great artery of the transmission system of The Edison Electric Company, is the main 
transmission line, formerly known as the Southern California Power Company’s transmis- 
sion line, which runs from the Santa Ana Canyon station almost in a direct line to the 
Second Street substation (substation No. 1) in the city of Los Angeles. This is the far-famed 
33,000-volt eighty-two-mile line, which for years was unequaled, both in length and volt- 
age, by any line in the world. When the building of this line was projected under the 
voltages named, the project was strongly opposed by electrical manufacturing companies, 
who extended no encouragement whatever towards aiding the enterprise, and, in fact, the 
scheme met with very little encouragement of any character until after it had demon- 
strated its success. From the outset it was granted that the weakest point in the line was 
the insulators, for at that time none had been used in regular commercial service at a 
potential in excess of 15,000 volts, and to more than double the voltage at a single bound 
was deemed to be a very hazardous and even foolhardy undertaking. Mr. O. H. Ensign, 
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the electrical engineer of the company, was strong in his conten- 
tion that the plan was entirely feasible and that it would prove of 
the greatest reliability, an opinion which has since received the 
unqualified endorsement of not only long service, but of generally 
universal adoption. It should be recorded as a matter of interest 
that a representative of C. S. Knowles, of Boston, agent of the 
Imperial Porcelain Works, gave Mr. Ensign samples of insulators 
then jn use and samples of porcelain which the Imperial Porce- 
lain Works proposed to use in the manufacture of 33,000-volt in- 
sulators. Absorption tests showed a radical difference between 
existing styles of porcelain insulators and the porcelain which it 
was proposed: to 
use for the insula- 
tor in question. 
A sample lot of 
these insulators 
were eventually 
turned out at 
Trenton, where 
they were exam- 
ined’ both by Mr, 
Sinclair and Mr. 
Ensign, where- 
upon the latter 
took an insulator 
in its soft state, 
and with his 
pocket knife 
whittled it into 
the shape now 
known as the 
Redlands type of 
porcelain insula- 
tor. Insulators of 
this pattern were 


Mr. Knowles, it 
being expressly 
stipulated that 
every insulator 
was to stand a salt 
water test of 
66,000 volts. 
Eventually suffi- 


were secured to 
withstand the 
test applied, and 
these columns* 
have told here- 
tofore of some 
experiences en- 
countered in 
making the test. 
It is worthy .of 
note that there 
have been but 
few insulators 
lost by puncture 
since this line was 
constructed. A cross section of the Redlands insulator as installed 
on the Santa Ana-Los Angeles transmission line, with dimensional 
data, accompanies this article, and there will also be found a 
view of the cross-section of the porcelain insulator used on the 
original 10,000-volt lines of the Redlands Electric Light and 
Power Company, together with cross-sections of other insulators 
of equal interest. 

This very remarkable transmission line consists of two circuits 
of No. 1 B. & S. Gage M. H. D. copper wires arranged in an 


*THE JOURNAL, Volume VI page 43, August, 1890. 
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isoceles triangle on a single pole line and suppprted on insulators 
of the type described. The line is eighty-three miles long and 
the weight of copper thereon amounts to 632,000 pounds. 

In spite of the fact that the line wires are only from eighteen to 
twenty-four inches apart in some places, arcs do not hold long 
between wires when once it is started. The porcelain insulators 
on this line were all tested with a ten-kilowatt transformer to 
70,000 volts before being put up. It was in the erection of this 
line that the fact was first forcibly demonstrated that insulation 
breakdown tests of insulators must have plenty of transformer 
capacity behind them, otherwise the leakage over the insulator 
may be heavy 
enough to seri- 
ously pull down 
the voltage of the 
testing transfor- 
mer. Only one 
insulator has 
proven defective 
on the entire 
83 miles in two 
years of opera- 
tion. -Of course, 
some have been 
broken by being 
shot at. The 
high tension sides 
of the transfor- 
mers are con- 
nected Y-fashion, 
and the neutral 
grounded. This, 
of course. throws 
a greater strain 
than would other- 
wise be on the in- 
sulators, especial- 
ly when the poles 
and cross-arms 
are wet, as there 
is 19,000 volts be- 
tween wires and 
ground. Strange 
as it may seem, 
there is one case 
on record where a 
line wire lay di- 
rectly on the 
cross-arm without 
setting: the arm 
on fire. 

Another pecu- 
liar thing noticed 
on this line is 
that when a brok- 
en insulator per- 
mits leakage to 
the pin and cross- 
and thence 

down the pole to 
ground the cross-arm is burned only where it touches the pole. 
The electrical contact between the cross-arm is evidently not very 
good. The eighty-three miles of line is looked after by two patrol- 
men, and both of these have other duties—one at the power house 
and the other at a substation. Whien a bird or wire goes into the 
line it starts an arc which in most cases lengthens itself out in the 
air until it breaks. When a short of this kind occurs the attend- 
ants at the substation usually succeed in pulling through without 
shutting down the synchronous motor-generators, of which there 
are a number on the line. This is done by instantly tripping the 
circuit breakers on the direct-current ends of the motor-generators 


mm rr a EEN a cn cl ME Ta” 





January, 1903] 


and then opening the field switches of the syn- 
chronous motors just far enough, so the field cir- 
cuits are closed through a resistance by means of a 
small auxiliary contact on the switch. The syn- 
chronous motors are left on the line as induction 
motors without load for a few seconds until the 
power is all right and have been brought up to 
speed; then the fields are thrown in again, the 
motors jump into step, and the circuit breakers are 
closed on the direct-current side to resume regular 
operation. No fuses are put in the high-tension 
line or at the power house, except that the genera- 
tors are fused to four or five times their capacity. 
Occasionally one of these fuses blows, but is re- 
placed before the service is interrupted. Genera- 
tors of the type used connected to water wheels do 
not give sufficient current on short circuit to en- 
danger their windings, hence the practicability of 
running without fuses. Indeed, fuses would be very much of a 
nuisance on these lines. 

It has been claimed that climatic conditions are favorable in 
Southern California for such transmissions. They are as regards 
freedom from lightning, althongh there is some of this, and there 
is plenty of rain. The most trying thing, 
however, is the ocean fog which some- 
times drifts up the valley and covers 
everything with moisture. In such cases 
the pole tops at high points on the line 
are luminous at night, but the leakage 
on the eighty-three miles of line is less 
than seventeen kilowatts at such times. 
General Electric short gap arresters are 
used on this line with one-sixteenth gap 
between cylinders, and one gap to every 
400 volts potential across their terminals, 
making forty-eight gaps in all. There is a static discharge con- 
tinuously between the gaps for about half the distance to ground. 
The balance of the gaps are silent. 

One of the features of the main transmission line, which is not 
only original but extremely effective, consists of so-called rams- 
horn air-brake pole 
line switches, de- 
tails of which are 
made_ sufficiently 
clear by the photo- 
graphs appearing 
on pize 41 as to 
seem hardly to war- 
rant detailed — ex- 
planation, especial- 
ly in view of the 
fact that dimen- 
sional data appear 
on page 45 of this issue. The principal of operation, further- 
more, is so similar to that of the ramshorn blow-out lightning 
arrester, which first appeared as an accessory to the Thomson- 
Houston are system, that its action must be readily understood. 
These ramshorn switches are cut into the main line whenever an 
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important branch is taken from it, and at other 
points, such, for instance, as on each side of the 
city limits of Pomona, through which the main 
line passes. The entrance of the main line in Los 
Angeles substation No. 1 is by these switches, 
which have been found for this voltage in trans- 
mission lines to be perfectly satisfactory in opera- 
tion. As proof of their effectiveness it may be 
stated that out of twenty-seven air-blast, 30,000- 
volt transformers in use on this system, not one 
single dollar has been spent for repairs since these 
switches were placed in operation in January, 1898. 
Marked facility in handling high-tension circuits 
is got through the use of these switches, as the 
arrangement makes it possible to carry the load 
up to the point of break, should such occur on the 
main line, by steam on one side and by waterpower 
on_the other. 

This switch is not as formidable looking as the long break 
switches in use on most lines of this kind. The distance between 
the switch jaws is thirteen inches. Extending upwardly from the 
jaws is a pair of horns made of line wire. Connection between 
the switch jaws is made with a piece of round brass rod attached 
to a long, dry, wooden handle. The 
brass rod and handle is kept from falling 
out of the switch jaws when the switch 
is closed by the spring catch shape of the 
jaws as shown in the section. When it is 
pulled down out of the switch jaws the 
arc is carried up between the horns by 
the heated air and is broken. This 
switch has never failed to break the cir- 
cuit when opened under any conditions 
which have so fer existed. Of course, 
it is seldom used, as most of the circuit 
opening is done first on the low tension side of the transformers 
at both power house and substatiens. The main ‘use of these 
switches when opening live loaded circuits would: be in case a 
transformer should begin to burn out. Each substation has these 
switches put in each transformer circuit as well as in the high 
tension lines as 
they enter the 
substation. The 
insulators. on the 
line are put on 
wrought iron pins 
with a wooden 
sleeve four inches 
high, covering the 
pins between the 
insulator and the 
cross-arm. 

The eighty-three- 
mile transmission line is thus sectioned, with outdoor switches at 
the end of each section for transferring from one line to another 
for making repairs without shutting down the substations. At 
spans across streams these insulators are arranged to take the 
strain according the diagram on page 51. The company is de- 
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cidedly in favor of porcelain as against glass for high tension 
lines because of its mechanical strength. 

It is of value to note with what entire success the telephone 
line is operated on the transmission pole lines, even though the 
transmission line is run with a grounded neutral. It shows that 
there is very little leakage on the transmission line. The tele- 
phone wires are run five feet below the transmission line on pony 
glass insulators. 

Some odd stories are told regarding the behavior of the 33,000- 
volt current. A wireman climbing up over a transformer case got 


his head so near one of the high-tension wires that an arc jumped 
across the air space to his head. The voltage between the trans- 
former case and ground was about 19,000 volts. The man was 
picked up for dead, but was resuscitated. A hole was burned in 
Skin was 


his skull and the skin burned off the soles of his feet. 
grafted on to replace his loss 
and the man recovered, at. last 
accounts being in the employ 
of the San Joaquin Electric 
Company at Fresno, Cal. 

The most peculiar freak of 
the 33,000-volt current, how- 
ever, happened in the Santa 
Ana Canyon. One of the trans- 
mission line poles was guyed to 
a large boulder by means of an 
eye-bolt in the boulder. One 
night an arc got started from 
one of the lines to the guy wire. 
An employe of the company 
passing along saw the flame, 
and, rushing to the nearest 
telephone told the power house 
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from the view point of the manufacturers of the machinery—the 
Santa Ana Canyon plant was installed, thus describes, in an ad- 
mirable magazine article*, the experience had in starting that 
which was then the highest voltage line in the world: 

‘‘In starting this plant in February, 1899, the potential was raised 
very slowly—a step at atime. At about 16,000 volts the lightning 
arresters started jumping, and it was necessary to increase the air 
gap in them about double. The brush discharge from the balls of 
the lightning arresters probably bridged over at least half of the 
air gaps. At about 18,000 volts the instruments at each end of the 
line gave indications that the current was jumping somewhere. 
Lowering the potential a few hundred volts stopped it, only to 
start again as soon as it was attempted to raise the potential. The 
plant was then shut down and a thorough inspection of the eighty- 
three miles of line was made without finding any trace of the 
trouble. The plant was then 
started at night, and the poten- 
tial was raised to keep the cur- 
tent jumping, and the trouble 
was soon discovered. The line 
men, in running the wires, had 
crossed the line between two 
poles so that one wire hung 
about an inch below the other. 
This, from the ground, looked 
like a transposition, and so was 
not discovered. At about 18,- 
ooo volts the current would 
jump from one wire to the 
other, then run along the line, 
increasing its arc until it would 
break, then jump to the short- 
est distance again. The station 
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that a pole was on fire and to get ready to shift over onto the 
other line. The employes at the power house spent a few anxious 
minutes watching the instruments and preparing to switch over on 
a moment’s notice. Minute after minute went by, but no sign of 
any line disturbance showed on ammeter or wattmeter, nor had 
there been any noted previously. A party was sent out on the 
line, but could not find the burning pole. All was dark. The 
next morning the pole was found. The arc had broken itself, 
but not before the boulder, through which the current was seek- 
ing ground with 19,000 volts behind it, had sweat, great drops of 
slag and burst. The company has evidently discovered a new way 
to break up rock. The volume of current required must have 
been very small, as it was not detected by the station instruments. 

Mr. J. A. Lighthipe, engineer for the Pacific Coast District of 
the General Electric Company, and under whose supervision— 


agent at Ontario saw the fireworks two miles down the track and 
reported by telephone. As soon as the lines were cleared the 
potential was run up to 33,000 volts with no more trouble.”’ 


POWER PLANT NO. 1 ON KERN RIVER. 


Preliminary work on this plant was commenced by the Cali- 
fornia Power Company, to whose interests The Edison Electric 
Company succeeded, some time near the close of the year 1900. 
The first work consisted of preliminary surveys, with some tunnel 
excavations, which was carried on continuously until September, 
1g0r, when the California Power Company begun the construction 
of necessary roads for reaching the proposed power house location. 
The above work was all completed and the property transferred 


* Cassier’s Magazine, Volume XVII, page 3, November, 1899. 
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to The Edison Company during 
the year 1902. Since that time 
The Edison Company has con- 
tinued the work by constructing 
all the necessary roads and trails 
for reaching the various portions 
of the line and by carrying on 
the excavation of the various 
tunnels. 

At the present time there is a 
force of approximately 200 men 
at work excavating the tunnels 
and doing other work looking 
to the speedy completion of the 
plant. Work is now in progress 
on fourteen of the twenty tun- 
nels, and preparations are being 
made to open up the remaining 
six tunnels within the next 
thirty days. The work on the 
tunnels is now being prosecuted 
by hand drilling, which, in the 
near future, will give way to the 
operation of machine drills. 
With this object in view The 
Edison Company is now install- 
ing a construction power plant 
of 300 kilowatts capacity, and 
three fourteen by eighteen du- 
plex air compressors, each to be 
driven by seventy-five horse- 
power induction motors. The 
construction plant will consist 
of two McCormick turbines 
working under a net head of 
forty-five feet, direct connected 
to two 150-kilowatt three-phase 
generators. The location of the plant is on the river where a 
natural waterfall occcurs, making it possible to install this plant 
with only 800 lineal feet of flume for conducting the water to the 
wheels. 

The transmission line is now being erected to distribute the 
power from this station to the various air compressor stations 
along the line. There will also be sufficient power from this con- 
struction plant to drive fans for ventilating the various tunnels 
and for supplying lights to the tunnels while they are being con- 
structed. It is expected to have the construction plant, with air 
compressors and air drills, in operation by the first of February, 
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after which the work of driving 
tunnels will progress very 
rapidly. 

The conduit for power plant 
No. 1 will consist principally of 
tunnels, of which there are 
twenty altogether. The length 
of these tunnels will each be as 
follows: 
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All the tunnels will be lined 
with concrete on the inside up 
to a height of seven feet, which 
is the level of the permanent 
flow of water. Carrying capac- 
ity of the tunnels will be 350 
second-feet of water. Between some of the tunnals will be short 
flumes for spanning ravines. Level connection in the majority of 
cases is made by means of an adit driven on the side of the ravine, 
in which case no flume is required. 

The list of flumes to be constructed on this power plant is as 
follows, flume No. 1, 1120.6 feet; flume No. 2, 153.5 feet; flume No. 
3, 164.1 feet; flume No. 4, 115 feet; flume No. 5, 65 feet; flume No. 
6, 85 feet; total, 1703.2 feet. 

All the flumes, with the exception of flume No. 1, will be con- 
structed on steel trestles, the sides and bottom of the flume {being 
made of two-inch redwood plank. Flume No. 1, which crosses a 
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low flat depression between tunnels No.1 and No. 2, will be 
erected on a wooden trestle eight feet above the ground with box 
of two-inch redwood plank. The flumes will be of the same size 
as tunnels—nine feet wide by seven feet deep. 

From the end of the hydraulic conduit, consisting of flumes and 
tunnels as above described, the water will be taken through an 
incline tunnel to the power station, where it is delivered under a 
pressure of 872 feet. The incline tunnel will be driven through 
the solid rock and lined with a circular tube seven feet in di- 
ameter made of No. 10 B. W.G. steel plate, riveted. This tube 
will be covered with a heavy coating of asphaltum on both its sur- 
faces, and the space between the outer side and the rock sides of 
the tunnel will be filled with a mixture of concrete, of Portland 
cement one part, and sand and gravel seven parts. The concrete 
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lake at a point some distance above the intake tunnel and will be 
used as a sluice-way for expelling the sand and detritus collecting 
in proximity to the intake. 

The capacity of power plant No. 1 will be about 18,000 kilowatts 
at the generating station when the hydraulic conduit is delivering 
its full flow of water. The low water of the year 1902 at the com- 
pany’s intake would give a minimum amount of power of 10,000 
kilowatts at the power station. 

It has been decided to erect a fire-proof station of masonry and 
steel, in which will be installed 15,000 killowatts in water wheels 
and generators. The location for the power house is immediately 
above the intake of the power plant of the Power Development 
Company, of Bakersfield. The site is a very excellent one, the 
foundation being granite bedrock. The Edison Electric Com- 
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will be thoroughly *mixed and rammed into place between the 
tube and rock sides of the tunnel in snch a manner as to form a 
perfect wedge. The purpose of the interior tube will be to pre- 
vent the seepage of water through the concrete and bedrock of 
the incline tunnel while the pressure of the water will be resisted 
by the latter. From the lower end of the force main, constructed 
by means of the incline tunnel and lining, as above stated, 
branches made of heavy steel pipes, each twenty-four inches in 
diameter, will be run to the various water wheel units of the 
power house. 

The intake for power plant No. 1 will consist of a masonry dam 
twenty feet high constructed on bedrock, and a gate tower with 
grizzlies and regulating gates for diverting the water into tunnel 
No, 1. The dam will have a large lake, about three-fourths of a 
mile in length, in which all of the sediment in the river will settle 
before being admitted into the power plant. A secondary tunnel 


driven at a level below the foundation of-the dam ‘will drain the - 


pany expects to complete this plant and have power delivered in 
Los Angeles within two years from date. 


POWER PLANT NO. 2 ON KERN RIVER. 


The Edison Electric Company has completed the preliminary 
surveys and begun work on a second plant above its plant No. 1 
on Kern River, to be known as power plant No. 2. 

The diversion point for this proposition is a short distance above 
the junction of Kern River and Clear Creek. The length of canal 
required will be eleven and a half miles, which will be constructed 
of conduit similar in character to the work now being done on 
power plant No.1. The net fall available for the second plant 
will only be 317 feet, and the power house location is immediately 
above the intake of power plant No.1. The work on this plant 
has not progressed sufficiently to give further data at this time, 
but it will be possible to install a station with the capacity of from 
5,000°to 6,000 kilowatts. 
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POWER PLANT NO. 3 ON KERN RIVER. 


The preliminary surveys have been completed and some tunnel exca- 
vation has been commenced on a third proposition, located above the 
town of Kernville on the North Fork of Kern River. 

The length of line surveyed is twelve and a half miles, giving a net 
fall of 760 feet at the power station. At this point it will be possible to 
install another plant having a capacity of approximately 15,000 kilo- 
watts. The plans and work on this plant have not progressed sufficiently 
to give detailed information, but it is likely that construction will be 
of a character similar to that on power plant No. 1. 

Still further up the North Fork and above power plant No. 3 are other 
power rights, which will give two more propositions with a large output 

; of power. These are now being surveyed for the purpose of determining 
the location as well as method of development. 

From aneroid readings and hand level observations made by the 
engineers of the company.the following approximate data may be given: 

Power plant No, 4 will have a fall of about 1,000 feet and the length 
of canal will be approximately fifteen miles. 

Power plant No. 5 will have a fall of 1,200 feet and an approximate 
sanal length of twenty miles. 

It will be possible to develop from these two propositions approxi- 
mately 30,000 kilowatts delivered to the transmission system during 
ordinary low stages of the water in the river. 


ao 
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THE SUBSTATIONS. 


The first substation which is entered after leaving the power house is that 
at Redlands, some eight miles distant, in which are installed three 280 
kilowatt General Electric air blast transformers, reducing from 33,000 to 

An 10,500 volts, the 
primaries of which 
are Y connected, 
and these trans- 
formers, with a 
suitable potential 
regulator, are used 
to tie into the bus- 
bars of the old Red- 
lands system on the 
10,000-volt switch- 
board in this sub- 
station. These 
transformers are 





connected through 
SECTION OF MILL CREEK PLANT NO. 3 a panel on the main 
switchboard, which 
contains indicating and recording wattmeters and voltmeters that can be 
plugged into either leg of either side of the switch. It also contains 
proper lamp synchronizing devices for throwing the two systems together 
through 10,000-volt oil break switches of the General Electric type. 
The ammeter on this section of the switchboard is calibrated to read in 
kilowatts at 10,500 volts, and it is possible by the use of the regulator 
and indicating wattmeter and this recalibrated ammeter to keep the 
power factor very close to unity and still run the two systems at various 
voltages. The potential regulator is of the I. R. T. motor-driven type, 
built by the General Electric Company.* 

The further transformer installation in the Redlands substation con- 
sists of a bank of three 11,000 to 2500 air blast transformers, each having 
a capacity of 200 kilowatts, for supplying the city of Redlands and 
vicinity, and also two natural draft transformers of the General Electric 
type, stepping down from 10,000 volts to 360 volts, for the operation of 
a 100-kilowatt rotary converter, which supplies 500 volts direct current 
for the operation of the Redlands street railway. This rotary converter 
is a ninety-six kilowatt machine with six poles, and its speed is approxi- 
mately 1000 revolutions per minute. A very interesting piece of appa- 
ratus which is now being installed in this substation, consists of the 
200-kilowatt motor generator set built by the General Electric Company, 
the motor of which is wound for 10,500 volts and the generator is to de- 
liver 550 volts direct current for railway service. This nnit is to be 
started with a compensator. 





*THE JOURNAL, Volume VIII, page 119, November, 1899. 
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In addition, the Redlands substation contains a steam plant, 
consisting of three Stirling water tube boilers, rated at 285 horse- 
power, each of which carry a pressure of 150 pounds per square 
inch. Each of these boilers contain 220 three and a half inch 
tubes, and are fitted for oil burning. The engines therein consist 
of a compound tandem Hamilton-Corliss sixteen by thirty with 
thirty-six-inch stroke, which runs at 118 revolutions per minute, 
and a Wheelock simple Corliss engine having a bore of twenty 
inches by stroke of forty-two inches and running at seventy-six 
revolutions per minute. These engines drive, respectively, a 
sixteen pole, three-phase, 400-kilowatt, 2400-volt generator at a 
speed of 375 revolutions per minute, and a General Electric six- 
teen-pole, three-phase, 2400-volt, 225-kilowatt generator, also run- 
ning 375 revolutions per minute. The exciters for these machines 
are, respectively, Westinghouse, 125-ampere, and General Electric, 
seventy-two-ampere, 125-volt machines From this substation is 
operated the distributing system of the city of Redlands, as well 
as four 10,000-volt, three-phase, circuits, supplying light and 
power to San Bernardino Valley. 

The next substation on the 33,000-volt line is located at Colton 
Cement Works, in which are installed three 100-kilowatt, oil-filled, 
water cooled transformers, supplying current for the operation of 
induction motors in seventy-five, fifty, forty, thirty and ten 
horsepower sizes in the Colton Cement Works, as well as for the 
operation of a 200-horsepower synchronous motor in the same plant. 

At Pomona is located the largest substation on the transmission 
line between Redlands and Los Angeles, and it contains three 150- 
kilowatt oil-filled transformers and a General Electric constant 
current arc transformer having a capacity of fifty lights. Regula- 
tion is secured through the use of a forty-three-kilowatt I. R. T. 
motor-driven regulator. This substation supplies Pomona and a 
number of smaller stations thereabouts with light, as well as a 
large territory in which water is pumped for irrigation purposes. 
In addition the company is now installing in this substation three 
150-kilowatt, 30,000-volt to 11,000-volt transformers for supplying 
additional power to the outlying territory. 

At Puente another substation contains three 150-kilowatt trans- 
formers, stepping down from 31,000 to 11,500 volts, for supplying 


a circuit twenty-three miles in length which runs through Fuller- 
ton, Anaheim and Orange, with a seven-mile branch to Whittier, - 
and ends in the town of Santa Ana,with a small substation in each 
of the towns named. The substation in Santa Ana contains three 
seventy-five-kilowatt oil-filled transformers, stepping down from 
11,000 to 2200 volts, with an I. R. T. regulator and a fifty-light 
constant current General Electric arc transformer with primary 
wound for 11,000 volts. The company also operates a gas plant 
in Santa Ana. This was built by the Western Gas Construction 
Company of Fort Wayne, Ind., and has a capacity of 100,000 
cubic feet daily. 

At Shorb another branch is tapped from the transmission line, 
and this branch, which shows the same construction that char- 
acterizes the main line, consists of No. 6 copper. Its length is 
four and four-tenths miles, and it ends in a substation at Pasadena 
in which there is installed six 150-kilowatt, 30,000-volt to 2200- 
volt transformers and one 1oo-light General Electric series arc 
transformer. This substation occupies the old plant of the Pasa- 
dena Electric Light and Power Company, and of the steam ma- 
chinery which it formerly contained one 350-horsepower Sioux 
City Corliss engine has been retained, as well as a Westinghouse 
300-kilowatt generator of the 2200-volt, Y-connected, revolving 
armature type, which carries a part of the local day load in event 
the main transmission line is temporarily cut out for alterations 
or repairs. 

The main transmission line terminates, as stated, in the Second 
Street substation in Los Angeles. This is known as Los Angeles 
substation No. 1 and it is the principal one in the city. Its elec- 
trical transmission equipment consists of six 250-kilowatt air-blast 
transformers, connected in two banks, Y on primary and delta 
on secondary, each reducing from 30,000 to 2200 volts. Three 
of the three-wire three-phase local lighting circuits are controlled 
by I. R. T. regulators, and the remaining two circuits, which are 
still of the single-phase variety, are provided with single-phase 
regulators of the M. R. type. This substation also contains a 
steam plant capable of generating 1500 horsepower. 

Los Angeles substation No. 1, commonly known as ‘‘the Second 
Street plant,’’ is an auxiliary steam station of no mean magnitude, 
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for it contains practically 2000 horsepower in boiler, engine and 
generator capacity. If to this be added the 4000 horsepower re- 
ceived by the transmission lines from Santa Ana plant No. 1 for 
conversion into three phase 2200-volt current, it will be seen that 
the output of the combined steam plant and substation aggregates 
a total of about, 6000 horsepower. To particularize, the steam 
station contains, one, 650 horsepower compound condensing St. 
Louis Corliss engine, running at eighty-five revolutions per minute, 
having cylinders measuring sixteen by thirty inches by a stroke of 
forty-eight inches. This engine is belted to a 600-kilowatt, 2200- 
volt, three phase, Y-connected General Electric generator, also, 
one 300-horsepower simple Ideal engine, and one 400-horse- 
power compound Ideal engine, both of which are belted to a jack- 
shaft from which is belt-driven a 650-kilowatt, three-phase, Y-con- 
nected General Electric motor- 
generator set having 2200 
volts on the alternating cur-.. & 
rent side and 550 volts on the 
direct current side. Clutch 
pulleys and suitable switch- 
board connections enable this 
motor generator set to be 
utilized for various self-evident functions. For instance, when 
driven by the engines, it will deliver power to either or both the 
2200-volt, three phase, or the 500-volt direct current services, or 
when the jack shaft is cut out it enables the transmission lines to 
carry the direct current power load, or with the engines it pre- 
serves effectively an economical balance on the direct current power 
load, also, one 300-horsepower Chandler engine, which operates 
a beltdriven three-phase General Electric, 2200-volt, Y-connected 
generator having a capacity of 300 kilowatts. 

The boilers of the Second Street steam plant are of the water 
tube type, one-half of which were furnished by the Babcock & 
Wilcox Company and the remaining half by the Stirling Com- 
pany. 

The second substation in the city of Los Angeles, known as the 
Los Angeles substation No. 2, is fed by a 2200-volt current from 
substation No. 1, and in this second substation are installed two 
300-kilowatt three-phase synchronous motors, each direct con- 
nected to two 150-kilowatt, 140-volt, direct current generators, 
and also one 640-kilowatt synchronous motor direct connected to 
two 300-kilowatt, 140-volt, direct current generators, which, 
together with the 140-cell, type H, chloride battery of the Elec- 
tric Storage Battery Company, operate in parallel on the Edison 
three-wire distribution in the downtown district. This battery 
has a capacity on an eight-hour discharge of about 800 amperes, 
with a maximum discharge rate of about 3000 amperes, and it is 
kept floating upon the system throughout the twenty-four hours, 
and in case of short circuits on the transmission system, it is 
always ready to take care of the interruption on the three-wire 
system. It is also used to help ont over peak loads and is dis- 
charged to its normal capacity each day. It has proven its useful- 
ness in that for three years there has not been so much as a wink 
in the three-wire system from this station. 
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With the exception of the 1oo-kilowatt, 500-volt, generator in 
substation No. 2, which is driven by belting from one of the 
smaller motor-generator sets, the company’s entire 500-volt direct 
current power load in the city is operated from suitable gener- 
ators located in substation No. 1. 

Ata point some six miles from the Santa Ana power h vuse a 
branch line is tapped from the main line 30,000-volt transmission 
and continued up Mill Creek Canyon to No. 3 power house, in 
which are installed four 750-kilowatt, 430 revolutions per minute, 
General Electric generators of the revolving field type, and four 
750-kilowatt General Electric transformers of ‘the air-blast type, 
which are noteworthy in that they are the first three-phase trans- 
formers in large sizes ever installed on the Pacific Coast. With 
the exception of these transformers, the electrical features of the 
plant in Mill Creek plant No. 
3 are very similar to” fffSse in 
Santa Ana Canyon, “ut the 
hydraulic features “Are radi- 
cally different, particularly in 
the fact that the whéels are to 
operate under what is un- 
doubtedly the highest head of 
water applied to any power plant, namely, 1960 feet. Another 
portion of this article contains exhaustive details of the hydraulic 
features of this most interesting plant. 
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THE SYSTEM OF DISTRIBUTION. 


The Edison Electric Company supplies currents in six varieties 
to the following services: 

First—110-volt incandescent and arc lights, and also 110- and 
220-volt motors on a continuous current Edison three-wire under- 
ground system in the business district of Los Angeles. 

Second—500-volt continuous current motors on a two-wire 
underground system in the same district. : 

Third—Continuous current series arcs in the same district and 
in Santa Ana. 

Fourth—110- and 220-volt lamps on the two- and three-wire 
secondaries of an alternating current, fifty-cycle system in the resi- 
dence districts of Los Angeles, and all parts of Pasadena, Puente, 
Whittier, Fullerton, Orange, and Santa Ana, Pomona, Claremont, 
Highlands and Redlands, with 2200-volts on the primary, the three- 
phase, three-wire system being used in the larger places. 

Fifth—Alternating current seriés arés in Pasadena, Pomona and 
Redlands. 

Sixth—110-, 220-, 440-, 550- and 2080-volt three-phase motors in 
the above cities and towns, and the surrounding country in the 
San Gabriel, San Bernardino, Riverside, La Habra and Santa Ana 
valleys from 10,000-, 2200- and 280-volt primaries. 

To supply such services the company runs in parallel one water 
power plant in Santa Ana Canyon, delivering 33,000 volts. two 
water power plants in Mill Creek, delivering 33,000 volts, and 
three steam plants at Los Angeles, Pasadena and Redlands, while 
its fourteen substations, including the storage battery plant in Los 
Angeles, are centers of distribution for the power so generated. 
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From the power house in Santa Ana Canyon, which is described 
elsewhere, the great artery of the system at 33,000 volts extends 
eighty-three miles to Los Angeles, the only 33,000-volt spur of 
which reaches out to Pasadena from Shorb, a distance of four 
miles. At Puente this pressure is reduced to 11,000 volts, at which 
pressure distribution is effected to substations there and in Whit- 
tier, Fullerton, Anaheim, Orahge and Santa Ana. 

A scorpion-shaped 10,000-volt system distributes power in the 
San Bernardino and Riverside Valleys (Redlands District), which 
is essentially supplied by the two Mill Creek power houses, but 
which is tied into the 33,000-volt line by three 180-kilowatt trans- 
formers at Redlands. It will also be tied in by a 33,000- to 10,000- 
volt substation at Colton when the new Mill Creek No. 3, 33,000- 
volt power house is completed, and which will deliver its output 
in current into the present 33,000-volt line at Mentone. A seven- 
mile 10,000-volt pumping circuit is shortly to be established at 
Pomona. 

To give an idea of the magnitude of the property of The Edi- 
son Electric Company the following table is presented, the lengths 
being given in miles: 


Three- One- 
phase | phase | Poles |Length) 10,000- 
Light and! Light-| for jof Pole) volt 


Series In- 
{Series Arc) candes- 
Perimeter cent Peri 














Power in Same.| Line. | Line. 
meter. Circuit. Circuit. | 
cl lean aes tennn 
Los Angeles 21.2 75.7 | 3552 | 84.2 | 
Pasadena... I1I.2 68.0 | 24.7 27.0 | 2359 | 55-7 | 
Pomona... 9.7 17.8 21.1 9.9 | 1097 | 26.0 | 
Santa Ana. 3.3 43.2 1.5 | 14.2 | 940 | 23.7 | 22.3 
Redlands .. 2.0 24.0 12.0 13.0 | 1200 | 28.5 | 64.5 
Whittier. I 28 106 | 2.5 8.5 
Fullerton. .| "3 50 | 1.2) 
Orange .... 2.3 96 | 2.3} 
Anaheim... <2 7 a4 
Puente..... 4 14 | 4 
Totals ...| 26.2 153-0 | 71.5 |146.4 | 9421 |224 7 | 95.3 
' 
SOMBY 55 I OU ei cv fs Sa nike ais 0 o¥ Sado e Rae miles, 87 
Los Angeles underground Edison tubes, for 110 to 
SE aes Ae Ma aes Nietlnies boWideueelkche eee 9.3 
Los Angeles underground feeder cable for same ..... a 13.3 
Los Angeles underground Edison tubes for 500 volts . 8.5 
Los Angeles underground feeder cables for same.....  ‘‘ 1.1 
Total miles of pole line belonging to company. ......... 407 


Totol number of poles belonging to the company 


The 33,000-volt lines are composed of two three-phase circuits 
of three No. 1 B. and S. gage medium hard-drawn copper wires, 
strung upon thirty-five-foot round cedar poles, and, except in 
cities and a few other instances, they are spaced forty-four to the 
mile and supported on two-pin and four-pin cross-arms, with bolt- 
centered oak pins. The insulators are white glazed porcelain six- 
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inch, triple petticoat, manufactured at Trenton, N. J., by C. S. 
Knowles, especially for this line. In addition the pins have a 
porcelain base butting into the cross-arms. 

The distance between the wires on the lower cross-arm is seven- 
teen inches, while the inter-axial distance between the wires of 
the other two legs of the circuit is twenty-eight inches. The 
south circuit, however, is -spiralled one-third of a turn every 


MIN 


= 








(THE DOTTED SEMICIRCLE SHOWS THE FORM OF GASKET BEFORE COMPRESSION) 


eighty-eight poles, while the north circuit is spiralled every forty- 
one poles, thus quite neutralizing the effect of unequal self-induct- 
ances in the different legs, as well as the mutual inductance and 
capitance between the two circuits and balancing the capacity of 
the different legs of both circuits with respect to each other. 
The wires on the lower cross-arm were put close together to come 
within the right of way purchased from the Southern Pacific Rail- 
way Company, parallel with which it runs for nearly eighty-two 
miles out of the eighty-seven miles of its entire length. A tele- 
phone line composed of two No. 13 copper wires is strung on 
brackets five feet below the lower transmission wires, and is trans- 
posed every seven poles. 

An extensive pumping and general power service is furnished 
along the three-phase, 10,000-volt lines, which are of many differ- 
ent constructions, as they were installed when long-distance trans- 
mission was young. The Redlands-Colton-Riverside 10,000-volt 
system was constructed, in from 1896 to 1897, with white porcelain 
insulators, but it has since been found that not so much care is 
necessary with this pressure, and a much cheaper glass insulator 
is fully as efficient. In fact there is some temporary work now 
installed on ordinary double glass, double petticoat insulators, and 
even on pony glass insulators. The engraving on page 54 shows a 
few pins and insulators used on about two miles of line from Col- 
ton City to the cement works in the worst kind of service possible. 
In fact nearly every kind of insulator has been used on the 10,000- 
volt line, types of some of which are shown on page 54. 

As will be noticed from the table, the trunk distributing lines 
and important branches in the cities and towns are three-wire, 
while the minor branches are balanced against each other so that 
the load on the 33,000-volt line is exceedingly well balanced. In 
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ASSEMBLY SHEET OF THE 300-HORSEPOWER, 11,000-VOLT, SYNOHRONOUS MOTOR BUILT BY THE BULLOCK ELEOTRIO MANUFACTURING COMPANY, OINOINNATI, AND USED 
tN THE COLTON SUBSTATION BY THE SAN BERNARDINO VALLEY TRACTION COMPANY, TYPE AH 12 4610 1-2; {2 POLES, 500 REVOLUTIONS PER MINUTE 650 OYOLES 
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WHERE THE POLE LINE LEAVES THE SANTA ANA CANYON 


many sections the induction motor load along with the lighting is 
sufficient in itself to balance the circuits. 

On the lighting lines the primaries are located on the top cross- 
arm and the secondaries below, the transformers being hung be- 


tween the cross-arms, which serve for transformer hanger arms. 
Brace 
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This effects a thorough separation of primaries and secondaries, so 
that they cannot be crossed with one another, and insures greater 
safety to line and trouble men. The method is illustrated on 
page 51. 

The series incandescent lamps are placed on a goose-neck bracket 
and are shunted by an auxiliary lamp on the pole which cuts in 
when the main lamp burns out oris broken. The shunting device is 
a piece of shellacked paper between two ball points in a tin can, the 
whole fitting being home-made, but giving very satisfactory service. 

The company is now at work on a reorganization of its lines in 
Los Angeles County, since the circuits are outgrowing the condi- 
tions originally contemplated, and when this reorganization is 
effected the distribution will be laid out from centers in such a 
manner as to give all sections the same voltage. 

There is little to be said in regard to secondary distribution ex- 
cept in the case of Whittier, which is furnished with an all-sec- 
ondary three-wire 440-volt and 220-volt lamps, parts of the town 
being furnished from the three-phases in such a manner as to bal- 
ance the 10,000-volt primary line and transformers. It has been 
calculated that this is the most economical system for distribution 
within a radius of 6000 feet. 


WHERE POWER IS USED, 


In the Raymond Hotel a six-wire three-phase system on three 
transformers was adopted to balance the phases under all condi- 
tions of load. The company furnishes the Mount Lowe Railway, 
previously described in THkr JOURNAL, through an induction 
motor generating set. The compressors for the plant of the Union 
Ice Company at Mentone are run by a 150-horsepower syncronous 
motor, heretofore described, and illustrated on page 53. 

The San Bernardino Valley Traction Company, now operating 
lines from San Bernardino to Colton, is supplied with power from 
the 10,000-volt line through a 10,000-volt motor generator in its 
substation at San Bernardino. This machine is a single coil per 
pole per phase, with a revolving field, and rated at a capacity of 
243 kilowatts. Some anxiety was felt lest it should pump on The 
Edison Company’s line, which is furnished with generators of a 
supposedly different wave form. No trouble of any kind, how- 
ever, has been experienced. This synchronous motor generating 
set is started from the direct-current side by means of a small 
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rotary converter furnished by a 10,000-volt transformer from the 
main line. The power so furnished is metered by a 10,000-volt 
primary meter of the familiar Thomson polyphase form. The 
view on page 55 shows the construction of the motor, which was 





THE REDLANDS TYPE IMPERIAL PORCELAIN INSULATOR 


manufactured by the Bullock]Electric Manufacturing Company, 
and which is so built that the revolving field pieces may be slid to 
one side. The company intends shortly to extend its line to High- 
land and thence to Redlands, this machine being large enough to 
supply all such service. This is the largest motor which the com- 
pany has on its line. 

An interesting application of an induction motor is found in 
Redlands where a fifteen horsepower three-phase ‘‘type F’’ in- 
duction motor of Westinghouse make, operates the passenger 
elevator of the Casa Loma hotel. This installation is illustrated 
on page 52. : 

The largest aggregate power consumers, however, are pumping 
plants, the principal districts of which are located around Pasa- 
dena, Santa Ana, Pomona and Redlands. Many of these contain 
Downey, Leuitweiler and other deep well pumps, but the majority 
are centrifugul plants, working singly on the shallow wells and 
tandem on the deep ones, some pumping water under heads from 
100 to 150 feet. The plants are fitted with primary switch fuses, 
Thomson polyphase meters, secondary fuses and switches, and 
the majority of them having run for seven years without a cent’s 
worth of repairs being necessary. This fact, and the great relia- 
bility of the apparatus and service, is rapidly displacing distillate, 
gasoline and steam engines for this work throughout the country. 
As illustrating this point, one man, besides his regular duties in a 
water company, tends to operating seven pumping plants, for 
which he receives $5 per month. If for any reason the power 
goes off, the motors will stop and the fuses blowing will cut them 
out when the power comes on again. It is then only necessary to 
go around and replace the fuses and start the motors up. 

By far the most extensive user of power for a pumping plant is 
the Riverside Trust Company, whose wells are located in the bed 
of the Santa Ana River, about two miles southeast of San Bernar- 
dino. This company uses fifty-horse-power and thirty-horse- 
power motors, which are located in plants of very neat and sub- 
stantial construction. A photograph of one of these pumping 
plants is presented on page 54. These plants work under very 
small headway and pump very large volumes of water to the gage 
canal furnishing water to Riverside and the surrounding country. 

Among the records of the Interior Department there was one 
made some time last fall, carefully covering the territory under 
irrigation from electrically operated pumps in San Bernardino 
Valley, and it was there conclusively shown that the amount of 
water thus made available for use by irrigators, covered one-half 
as much ground again as that covered by the natural flow of the 
streams from the power of which, the electricity is generated. 

At the Colton Cement Works, near Colton, the company main- 
tains a substation as stated heretofore for the operation of the 
cement works wherein are induction motors of various sizes from 
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ten to seventy-five horsepower, as well as a 200-horsepower syn 
chronous motor. These works are now consuming about 250 horse- 
power, but it is shortly to become the largest single consumer of 
power from the transmission line, as the plant is about to be in- 
creased to a consumption of from 500 to 700 horsepower in syn- 
chronous and induction motors to be located in various parts of 
the works for the purpose of operating its marble quarries, rock 
crushers, roasters, powder mills, sacking machines and various 
other characters of service. 

Many other services, such as sawing wood, ventilating, meat 
chopping, coffee grinding, machine shop work, elevators, lemon 
and other fruit polishers and cleaners and sorters, are supplied, 
besides the municipal substations and distributing systems in the 
cities of Riversidefand Colton. 





TWO VIEWS OF THE 33,000-VOLT POLE SWITCH ON THE SANTA ANA-LOS ANGELES 
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SOME GENERAL OBSERVATIONS. 
The same building which houses Mill Creek station No. 3 also 
. contains station No. 2, in which are, as has been previously stated, 
two 250-kilowatt, General Electric, 11,000-volt generators and two 
thirty-five-kilowatt 125-volt exciters, together with the accom- 
panying switchboard equipment. The method of operating this 
system as a whole, with so many plants tied together, is one that 
is accomplished on the basis that the main transmission line is to 
be relied upon for continuous service. It is a very uncommon 
thing for switches to be pulled out and for machines to be syn- 
chronized for any other purpose than cleaning up. Short circuits 
are, however, bound to occur on the line from various causes, and 
the procedure adopted on the circuits of The Edison Electric 
Company are not only unique, but are undoubtedly of great 
effectiveness, as the voltage chart on page 51, which was one 
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as induction motors and are pulled so closely into step that when 
the fields are again energized they come fully into step. In ex- 
ceedingly rare instances, in fact only three times since the line 
was put in operation, has it occurred that this plan of handling 
short circuits would not operate, but as the usual thing, interrup- 
tions due to malicious meddling, baling wire, or possibly to large 
birds, are met and overcome in this manner with perfect satisfac- 
tion. 


It is a. matter of interest in alternating current working, to call . 


attention to the fact that inasmuch as there are fifteen different 
sizes and types of generators operating on this system, there 
must of course be a considerable variation in the wave forms of 
them, and yet hunting of generators is unknown on the system. 
The charging current, which, it was thought when this line was 
built, might become a serious item, is an utterly negligible quan- 





THE PLACID FLOW OF THE LOWER KERN RIVER GIVES NO SUGGESTION OF ITS TURBULENCE FURTHER UP THE CANYON 


selected by the writer at random from last year’s charts, will cer- 
tainly attest. In case of a short circuit it is the custom that the 
Santa Ana station, which supplies the most power, will stay on 
the line to the full capacity, maintaining strong generator fields. 
The other plants of the system will either break the fields of their 
generators or throw the water off the exciter wheels, as may be 
deemed best, and this action will immediately throw a strong im- 
pedence on the line which will tend to break the arc, and if the 
short is not due to a wire down or something equally serious, 
everything will be in perfect condition for operating again within 
five or ten seconds, whereupon the machines which have broken 
fields will be pulled into synchronism with the generators in the 
Santa Ana station as soon as the arc breaks. In this procedure 
the apparatus must depend ‘upon the governors of both engines 
and water wheels to keep the speed approximately correct. When 


the arc breaks all machines being on the line with fields open act 
oa 


tity. As recent measurements made on the main transmission 
line by single circuits proved that, although the apparent energy 
lost was approximately 600 kilowatts, the loss in actual energy 
was about seventeen kilowatts. One of these lines is transposed 
at every fifty-first pole, and the other one at every eighty-eighth 
pole, and it has also been found that the line which has the 
greatest number of transpositions takes 15 per cent. less charging 
current to carry the same load. 

Before completing the section discussing the generating plants 
of the system, it should be added that there is now under con- 
struction in Los Angeles a steam plant having a capacity of 6000 
kilowatts, in which the units will be of the capacity of 2000 kilo- 
watts each, to be driven by steam turbines of the manufacture of 
the General Electric Company. This plant will tie into the gen- 
eral transmission system, and upon its completion the other and 
less up-to-date steam plants which the company has acquired 
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from time to time will be dispensed with. The system will be 
thoroughly modern and of high-class quality in every respect. 
The site of this plant will become the main receiving point for 
all transmission lines this company is now operating or has under 
construction, and in consequence it will also be a substation of 
considerable size. 

The electrical engineer of this company is a firm believer in the 
superiority of motor-generators over rotary converters for use 
with a frequency as high as fifty cycles, and he claims as high as 
an all-day efficiency for them as for rotary converters where the 
substation is supplying both alternating and direct current, as is 
the case in most transmission plants. If rotary converters are 
used two sets of static transformers must be put in, one set for 
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in a statement presented by Mr. John B. Miller, its president, to 
Messrs. E. H. Rollins & Sons, Perry, Coffin & Burr and N. W. 
Harris & Co., bankers, a syndicate formed in the spring of 1902 
for the purpose of finmanceering the consolidation of all the 
Edison companies, on October 29th, last. From this it appears 
that The Edison Electric Company is a corporation having its 
chief place of business in the city of Los Angeles, California, duly 
organized for the purpose of acquiring, constructing and operat- 
ing plants for the purpose of generating, transmitting and selling 
electrical energy; developing and constructing water power plants 
for the purpose of generating electricity, and for the purpose of 
generating and distributing gas, and for all other purposes kindred 
to and consistent with an electric and gas corporation. 





FORDING THE KERN RIVER AT EXTREME LOW WATER DURING THE SUMMER OF 1901. 


supplying the rotaries and the other for supplying alternate cur- 
rent for distribution. With motor generators one set of static 
transformers only is needed, and they can be worked at higher 
efficiency than two sets. With synchronous motor generators 
there is no trouble with pumping or surging as there is likely to 
be with high frequency rotaries and the high commutator speed of 
the rotary is done away with. The synchronous motors are 
always started as induction motors with unexcited fields. 


FINANCIAL. 


If the business of The Edison Electric Company be viewed from 
its financial side it will be found to be as sound as are the engineer- 
ing features of the enterprise, and no concern could have sounder 
bases. The condition of the finances of the company were shown 


It has acquired the franchises, rights, property and all other 
assets of the following corporations, namely, the Edison Electric 
Company, Los Angeles, Cal.; the Pasadena Electric Light and 
Power Company, Pasadena, Cal.; the Santa Ana Gas and Electric 
Company, Santa Ana, Cal.; the Redlands Electric Light and 
Power Company, Redlands, Cal.; the Southern California Power 
Company, Los Angeles, Cal.; the California Power Company, Los 
Angeles, Cal., and the Mountain Power Company, Los Angeles, 
Cal. Asa result, The Edison Electric Company, by reason of its 
acquisition of the above corporations, operates generating stations 
and distributing systems on one general system, connected in the 
aggregate by 165 miles of 33,000-volt and 10,000-volt transmission 
lines. Furthermore, its distributing system covers the cities of 
Los Angeles, Pasadena, Highlands, Redlands, Colton, Riverside, 
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A TUNNEL IN THE KERN RIVER POWER DEVELOPMENT 


Pomona, Claremont, Whittier, Fullerton, Orange and Santa Ana, 
as well as the intervening territory, and it consists of 300 miles 
of overhead three-wire, three-phase, 2200-volt incandescent and 
power circuits, arc and incandescent street lighting circuits, and, 
in the business district of Los Angeles, an underground system, 
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constructed under General Electric Company’s patents, while in 
Santa Ana the company operates a 100,000-cubic foot gas works, 
with gas distributing system covering the streets. 

The company operates its system under ample and favorable 
franchises, and because of its ability to produce a large percentage 
of its power from water power, it is enabled to operate at a low 
percentage of cost. It should 
also be added, by way of 
summarization, that its total 
present generating capacity 
in water power plants is 8758 
horsepower, which is re- 
inforced by a present capac- 
ity of 2934 horsepower in 
steam plants, these respec- 
tive plants being located as 
follows: 

Southern California Power 
Company’s water power 
plant, in Santa Ana Canyon, 
San Bernardino County, 
4000 horsepower. 

Redlands Electric Light 
and Power Company’s water 
power plants, Mill Creek Canyon, San Bernardino County, No. 1, 
No. 2 and No. 3, of 1250 horsepower, 625 horsepower and 3000 
horsepower capacity respectively. 

Redlands substation and steam driven plant, 834 horsepower 
capacity. 

Pasadena Electric Light and Power Company’s steam plant, 
600 horsepower. 

Edison Electric Company’s steam plant at Los Angeles, 1500 
horsepower. 

Total generating capacity in water power plants, 8875 horse- 
power, reinforced by 2934 horsepower in steam plant capacity. 

Furthermore, and as already stated, in order to provide for the 
company’s rapidly increasing business, work is proceeding on a 
28,000-horsepower plant on the Kern River, with a 116 mile trans- 
mission line to Los Angeles, and a 5334-horsepower steam plant 
of the most modern type, at Los Angeles, for emergency purposes. 





METHOD OF INTRODUCING 30,000-VOLT 
WIRES INTO STATIONS 





SIX INTERIOR VIEWS OF THE STEAM AUXILIARY PLANT IN THE REDLANDS SUBSTATION 
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These properties, covering the most fertile and populous sections 
of southern California, serve an estimated population of 235,820, 
compared with 140,540 population in 1890, and with every indica- 
tion of still further increase in the near future. The company is 
largely owned by residents of southern California, and its officers 
and directors are men of large commercial interests and strong 
financial standing. 

The official report by the company for the year ending Septem- 
ber 30, 1902, gives the following statement of earnings, which 
may be accepted as authentic: 


COO GHEMMIIE. osc iocce Os 8 6 OS $445,110. 46 
Operating expenses, including taxes, in- 


surance and maintenance charges. .... 209,518.55 
Wee WS. gs ake cham ira « obie¥ $235,591.91 
Interest on all outstanding bonds........ 125,220.00 
Garp: entainge. ss. esagss pik s Xs $110,371.91 


The bond interest in the above statement is for the entire mort- 
gage debt now outstanding, whereas the earnings include no 
income from the Redlands hydraulic plant, No. 3, which will soon 
be operating with an additional maximum capacity of 4000 horse- 
power. 

It is conservatively estimated that the earnings for the year 
ending September 30, 1893, will be: 


SARC CURIS ee GS 4 bac Cease $475,000.00 
Operating expenses, including taxes, in- 
surance and maintenance charges..... 225,000.00 


NE OIE vs on ch cin cde ess . $250,000.00 


And that with the completion of the 28,000-horsepower plant on 
Kern River, the productive capacity of the company will be in- 
creased between 100 per cent. and 200 per cent. over its present 
capacity. 

The company is capitalized as follows: 

Preferred stock, 5 per 
cent. cumulative..... 
Common stock........ 
BCR as SAAD w 6 
Outstanding, preferred $2,000,000.00 
Outstanding, common. 400,000.00 § 2,400,c00.00 


$4,000, 000.00 
6,000, 000. 00 
$10, 000,000 . 00 


= 


Soe ELEVATION 
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THE GENERATORS OF THE’ REDLANDS AUXILIARY PLANT 


Bonds authorized...... $10,000, 000. 00 
Reserved to retire un- 

derlying sub-com- 

pany bonds......... $ 893,000.00 
Held in escrow under 

conservative restric- 

tions of trust deed for 

acquistion of other 

plants, development 

of water power and 

other permanent ex- 

tensions and addi- 


Se caer eae 7,550,000.00 § 8, 443,000.00 


Bonds of the present 


issue outstanding.. .. $ 1,557,000.00 


The first and refunding 5 per cent. gold bonds of The Edison 
Electric Company, amounting to $1,000,000, are dated September 
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TYPE OF SUBSTATION SWITCHES ON 33,000-VOLT LINES 
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FLOOR PLAN OF TYPE OF SUBSTATION ON 30,000-VOLT LINES FOR TOWNS OF FROM 2000 TO 10,000 INHABITANTS 


1, 1902, and are due September 1, 1922, they being in denomina- 
tions of $1000, Their redemption is optional on any coupon date 
on and after September 1, 1907, at 110 and interest. Interest is 
payable on March ist and September ist at the office of the Los 
Angeles Trust Company, Los Angeles, trustee, or at N. W. Harris 
& Co., New York. Principal payable at the United States Mort- 
gage and Trust Company, New York, co-trustee, where bonds may 
be registered. The price of these bonds is ro2 and interest, sub- 
ject to prior sale and advance in price. 

The trust deed contains a strong sinking fund provision, which 
requires the company to deposit annually with the trustee, begin- 
ning September 1, 1907, 10 per cent. of its annual net earnings. 
In case, however, of the lease, sale or consolidation of the com- 
pany’s property as a whole, such payments shall thereafter be 1% 
per cent. of the par value of the bonds outstanding at the date of 
the payments. The sinking fund shall be used to rvtire the bonds 
of the company at not exceeding the call price of 110 and interest. 
This bond is non-taxable when held in the State of California. 

Referring again to future development, the company, in order 
to provide for a further large increase of its business, has begun 
an hydraulic development in connection with its Kern River water 
rights, as stated, which will require an expenditure of approxi- 
mately $2,000,000 during the next two and one-half years. The 
funds for this expenditure are to be secured by the sale of bonds 
from escrow to the extent of 75 per cent. of the actual cost, but 
not exceeding $1,500,000, and the sale of the company’s preferred 
stock for the balance, thus preserving a strong casa equity in the 
property over the bonds issued from escrow. When this develop- 
ment is completed, the water from this river, which rises on 
Mount Whitney (15,000 feet elevation), in the Sierra Nevada 
Mountains, will be used under an effective head of 840 feet, and it 
is proposed to install machinery with a capacity of 28,000 horse- 
power. The installation is designed to deliver a maximum of 


18,000 horsepower in electricity in Los Angeles, 110 miles distant. 
From reports of competent hydraulic engineers, based upon the 
Government records of the stream covering a period of seven 
years, the minimum delivery should be 7000 horsepower. 

In view of the character of and the prospective growth in the 
population and community served, the strong franchise situation 
and the large amount of water power controlled, it is indisputable 
that these bonds will ever be regarded as a safe and desirable 
investment. 

In conclusion it should be stated that the trustees of the Edison 
Electric Company are: Messrs. John S. Cravens, of Pasadena; 
James C. Drake, of Los Angeles; Henry Fisher, of Redlands; John 
B. Miller, of Pasadena; Frederick H. Rindge, of Santa Monica; 
Wm. R. Staats, of Pasadena; H. H. Sinclair, of Pasadena; J. S. 
Torrance, of Pasadena; Walter S. Wright, of Pasadena; while its 
executive officers and heads of departments are: Messrs. John B. 
Miller of Pasadena, president and treasurer; Henry Fisher of Red- 
lands, first vice-president; J. S. Torrance of Pasadena, second vice- 
president; H. H. Sinclair of Pasadena, third vice-president; Wm. 
R. Staats of Pasadena, secretary; Walter S. Wright of Pasadena, 
counsel; W. L. Percey of Pasadena, assistant secretary and assist- 
ant treasurer; W. H. Workman Jr. of Ios Angeles, technical assist- 
ant to the president; A. E. Halsey of Los Angeles, auditor; F. C, 
Finkle of Los Angeles, chief hydraulic engineer; O. H. Ensign of 
Los Angeles, chief electrical and mechanical engineer; C. A. 
Copeland of Los Angeles superintendent of distribution; A. L. 
Selig of Los Angeles, general agent; D. A. McGilvray of Pasadena, 
purchasing agent. 

To the several of these gentlemen who have supplied invaluable 
assistance in the way of information, and to Messrs. Putnam and 
Valentine and to Mr. B. J. Pierson, superintendent of power- 
houses, who have supplied photographs, the thanks of the writer 
are cordially extended. 





LONGITUDINAL AND SECTIONAL ELEVATION OF THE TYPE OF SUBSTATION ON 380,000-VOLT LINES FOR TOWNS OF FROM 2000 TO 10,000 INHABITANTS 
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SUCCESS IN LONG-DISTANCE POWER TRANSMISSION.* 
BY F, A, C, PERRINE, D. Sc. 

WO elements make success in the long-distance electrical 
transmission of Power—Continuity and Regulation. Per- 
haps these are the most important elements in any electrical 

undertaking and are the most obvious, but in attaining our ideal in 
long-distance work, there lurk pitfalls about these two elements 
unknown in other fields of the art.. From the outset in the original 
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DIAGRAM OF CONNECTIONS OF THE BULLOCK TYPE F SYNCHRONIZING INDICATOR 
USED IN THE 10,000-VOLT MOTOR-GENERATO®S AT COLTON 


studies, and down the line to the last switch and insulation, lie un- 
known problems and problems known, but unsolved. It is the 
field of the thoughtful, independent engineer; 
the ground is stony and fit traveling only to 

the most resourceful. 
Hydraulic development is one of the oldest 
arts, but the amount of human ignorance 
concerning hydraulic 


UNSOLVED problems and conditions 
HYDRAULIC is appalling. Records 
PROBLEMS. may have been kept of 


the rivers whose waters 
are navigable, or whose rapids and falls are 
along the railroad lines, or in the manu- 
facturing villages; but an investigation of the 
records available concerning important pow- 
ers, even a few miles out of the regular lines 
of travel, would surprise you by their lack of 
accuracy and detail. Rainfall has been kept 
for generations for the benefit of agricultur- 
ists, but the watershed of no one power steam 
of my acquaintance has ever been completely 
covered in its essential details by rainfall 
records. The water available at any one 
point where the rainfall can be approximated 
will be estimated by different engineers 
from 15 per cent. to 70 per cent. of the total 
fall, and, apparently, each wiil be justified 
by engineering precedents. Such possible 
variations call for the exercise of caution, 
judgment, and experience in reaching con- 
clusions. 

Nor is there less uncertainty in regard to 
hydraulic construction. The present year 
has seen the failure of dams built by engineers 
of the highest reputation and at water pres- 

*A paper read before the Boston Society of Arts at 


the Massachusetts Institute of Technology, May 8, 
1902. 
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sures for which they were supposed safe. The flow in canals, 
ditches, flumes, and pipes are still subjects of dispute, and errors in 
design are continually leading to serious results for the investor. 
The one lesson to be drawn from all this being that, if continuity 
only means success, the stud- 
ies in water-power location 
must be made with unusual 
care, and ample, though 
never ridiculous, margins al- 
lowed in the estimates. 
Perhaps the day may come 
when the civil engineers will 
establish their empirical 
equation in hydraulics on a 
sure basis, but until that day 
is reached, and it is not near, 
the hydraulic engineer can 
never cease to be a student 
and most careful observer. 
In almost all cases the for- 
mule of engineering have a 
sound experimental founda- 
tion, but the error has ac- 
tually been made of attempt- 
ing to apply results obtained 
from the gaugings of the 
Mississippi to small rapid 
rivers, and even in some cases 
to lined canals and timber 
flumes, and an equal error 
committed of attempting to 
apply the results obtained from the flow of water in eight and ten 
inch pipes to great conduits and even open flumes. No smile should 
arise over the absurdity of these errors, for every State in the 
Union has instances of them, and no year in the past twenty but 


METHOD OF TAKING 10,000-VOLT LINES 
INTO BUILDINGS 





THE 10,000-VOLT BULLOCK MOTOR-GENERATOR SET OPERATING THE RAILWAY SYSTEM OF THE 
SAN BERNARDINO VALLEY TRACTION COMPANY 
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has seen them committed to the waste of thousands and hundred 
of thousands of dollars. The records for the past five years at one 
of our most respected testing flumes are at fault on account of an 
altered pressure pipe and an uncorrected formula. Success comes 
to the cultured engineer who keeps close to his borrowed data and 
who solves for himself the unforeseen problems. 

I mean by ‘‘culture’’ what Matthew Arnold means when he 
says that culture is ‘‘ A pursuit of our total perfection by means of 
getting to know, on all the matters which most concern us, the 
best which has been thought and said in the world.’’ Such an 
engineer with such an ideal will be a safe guide and his studies 
will establish on a firm basis our transmission undertaking. 
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but there are many facts and constants for our equations still un- 
known. Even in the electrical art there is still an unknown, and 
I suppose that no one of us will live to see the discovery of even 
all the knowable our art contains. I am reminded now of the 
beautiful equation for the dynamo machine presented twenty years 
ago by Clausius, which contained a round dozen of unknown con- 
stants, others have been found to have been variables, and we are 
still studying the problem and searching for the others. 
Regulation in direct current work isasimple problem. Its laws 
are all known; at every lamp it is quite easy to predict the varia- 
tion of voltage. The same laws control whether the lines be long 
or short. In his transmission plants Thury has met no new diffi- 
culties but has effected regulation at 
ten or twenty miles, just as he would 
have done had the delivery been made 
only in the next room to his dynamos. 
Resistance is always resistance and his 
dynamo characteristics remain un- 
altered by its increase. He deals only 
with current, voltage, and resistance 
and encounters problems simple even 





to Faraday, Henry, or Ohm. 

It has been said very truly that the 
introduction of the alternating current 
raised the electrician above the rank 
of the artisan. With these currents he 
is no longer dealing with a few simple 
independent quantities connected by 
a primary rule, but must now con- 








TYPE OF SUBSTATION FOR LESS THAN 100 KILOWATTS CAPACITY ON 10,000-VOLT SYSTEMS 
OF THE EDISON ELECTRIC COMPANY 


But we are not concerned at the present moment with the errors 
of the civil engineer, or with his unsolved problems, so much as 
with what is new and with what is gradually getting to be known 

in electrical problems. While these are no 


UNSOLVED more important nor more interesting than the 
ELECTRICAL hydraulic problems, they are attracting more 
PROBLEMS. attention, and perhaps it is in apology for our 


electrical ignorance that I call attention to hy- 
draulic difficulties and ignorance. It is true that in no other art 
can so accurate calculations be made as in electrical engineering, 





sider many new elements, some con- 
stants and some variables. At every 
step capacities and _ self-inductions 
enter in the solution in complex and 
involved relations. Regulations can 
no longer be simply determined for 
each part of the system independently, 
and the regulation of the whole ob- 
tained by a consideration of the parts 
separately. Self-inductions and capac- 
ities affect each other, and the gener- 
ators and lines, as well as the trans- 
formers and motors must be chosen or 
designed with this independent rela- 
tion in view. A simple case illustrates 
this beautifully. 

When the operation of the transmis- 
sion supplying current to the city of 
Stockton, California, from the power 
plant at Mokelumne Hill, forty-six 

miles away, was 
A CASE IN POINT. first begun, a curi- 

ous state of affairs 
was observed. In the operation of the 
lines alone, the current required on the 
2200-volt side of the step-up trans- 
formers was sixty amperes; with the . 
step-down transformers connected, the 
current fell to about fifty amperes, and 
when a 100-kilowatt motor was put 
into operation the current was only 
fifty-five amperes. The transmission 
was designed to be at 25,000 volts, but at the delivery end of the 
line the voltage was found to be 27,200 volts, and finally the motors 
consumed full current when running at no load and not much 
more when operating with full load applied. I think that all will 
agree that here are problems enough for one small instance of the 
difficulties in the regulation of a long-distance transmission plant. 

The lines in this case had been calculated for an 8 per cent. 
loss of energy for transmission of 1000 kilowatts and capacity played 
the most important part in these pranks as to absorb an apparent 
energy of over 130 kilo-volt-amperes. This is reduced when the 
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transformers are connected and some real energy begins to flow 
and the self-induction of the step-down transformers neutralizes 
some of the capacity of the line. When the motors are connected, 
the energy is increased and the self-inductances of the various 
parts of the system become more important. 

The apparent rise of voltage along the line illustrates the inter- 
dependence of the whole system even more clearly, for it is only 
in a very small part due to the line itself, or rather, while due to 
the line, it occurs in the step-up transformers and not to any ex- 
tent along the line. 

It is not uncommon to attribute such an effect to resonance, 
which really only rarely becomes important; in reality, the regu- 
lation of the transformer produces this effect. With any trans- 
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The effect upon the synchronous motor was also due to this ever 
troublesome capacity. The generators were giving nearly a true 
sine wave of electromotive force while the motors were designed 
for a peaked wave, the line capacity so affected the generator wave 
that the difference between the motor and generator became great, 
and for part of each wave the motor was absorbing power, and for 
its remainder delivering power, so that always a great current was 
flowing. 

In this particular case these troubes were corrected by the intro- 
duction of a heavy self-induction across the ends of the line which 
neutralized the line capacity; and this self-induction was used 
until an inductive load was connected in the shape of induction 
motors, which rendered the use of an extra self-induction unneces- 

















former fed with a constant voltage at the primary, the secondary sary. Whenever this arrangement can be thoroughly carried out 
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TYPE OF SUBSTATION FOR LESS THAN 100 KILOWATTS CAPACITY ON 10,000-VOLT SYSTEMS OF THE EDISON ELECTRIC COMPANY 


voltage falls with non-inductive load and falls still further if an 
inductive load is applied, but if the load is a capacity load, the 
secondary voltage rises instead of falls. In this case, therefore, 
the step-up transformers were delivering a 10 per cent. higher 
voltage to the line than their transformation ratio accounted for, 
which necessarily disturbed the regulation seriously. This trouble 
became even more serious when a heavy induction motor was later 
operated by the same plant. The load on the motor accounted 
for a fall of potential amounting to 4 per cent. but the induct- 
ance produced a drop of 10 per cent. at least; and, as the rise of 
voltage on the line at no load was as much as Io per cent., it may 
at once be seen that the voltage varied when the motor was con- 
nected from 10 per cent. above normal to 10 per cent. below, and 
thus a variation exceeding 20 per cent. was produced in place of a 
variation of 4 per cent. for which the load allowed. 


and the capacities and self-inductions connected to any line be 
evenly balanced, the alternating problem can be reduced to the 
simplicity of the direct current problem and long algebraic equa- 
tion abandoned in determination of the expectations. 
bility is beginning to be appreciated and regulation attained in 
long-distance ‘transmissions which could not otherwise be hoped 


This possi- 


for. 

There is little service which calls for absolutely continuous 
power. Most plants, which are said to be operating ‘‘day and 
night,’’ shut down at meal times and are rarely operated more 
than twenty hours of the twenty-four, and even 
when the operation is continous through the 
day, there is a cessation of operation on Sun- 
days and holidays. For this reason, it is diffi- 
cult to satisfactorily balance the capacity of the line against the 


CAPACITY AND 
INDUCTANCE. 
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inductance of any load. The line capacity current is constant and 
is continuously in evidence so long as the voltage is applied to the 
line; indeed it varies only with the voltage and periodicity. Its 
importance increases as the load diminishes, for when the load is 
heavy it is not only completely overcome by inductance, but also 
is rendered unimportant by reason of the presence of a large cur- 
rent in phase with the electromotive force. During the time 
when all loads are diminished, the disturbance of regulation by 
reason of the presence of a line 
capacity-current is most appar- 
ent, and consequently the coun- 
teraction of that capacity effect, 
by a heavily inductive load 
which is off during these same 
periods, is a remedy which only 
accentuates the disease. This 
was illustrated in the case de- 
scribed above where a severe 
induction load depressed the 
voltage and its removal allowed 
the full rise due to line capacity. 

In the case of the Bay Counties 
Power Company’s transmission, 
where transmission of approxi- 
mately 150 miles at 50,000 volts 
and 60 cycles are undertaken, 
the charging current is approxi- 
mately 40 amperes; or, in other 
words, the line requires the full 
capacity of a 2000-kilowatt 
machine for charging it as a 
condenser. The complete neu- 
tralization of this great capacity 
effect would require the contin- 
uous working of something in 
excess of 5000 kilowatts of induc- 
tion motors with average normal 
power factors. Up to the pres- 
ent time no load on the Bay 
Counties lines has ever been ap- 
plied which is capable of neu- 
tralizing this capacity effect. 
The power house is practically 
unable to have much knowledge 
of the loads actually applied on 
the lines except by observing 
the wattmeters or the wheel 
nozzles, since the current from 
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no load up to a load of several thousand kilowatts remains prac- 
tically constant. As there are many branching lines supplied from 
this system, it is impossible to operate other than with constant 
electromotive force at the dynamos, and the regulation of the long 
lines is affected by the capacity, which influences everything from 
the step-up transformers to the last motor. 

In order to overcome the troubles due to this source, the. Bay 
Counties Power Company has arranged to place upon its lines 
impedance coils capable of prac- 
tically neutralizing the entire 
capacity of their long lines; and, 
as soon as these are installed, 
one of its greatest difficulties 
in obtaining satisfactory regula- 
tion will be removed. With the 
capacity of the line neutralized, 
it then becomes necessary to 
keep the load as nearly non- 
inductive as possible by con- 
tinuous care in the balance of 
synchronous against induction 
motors in the operation of loads. 

It is a great mistake for an 
engineer to become an advocate 
of one motor to the exclusion of 


the other 
THE MOTOR type. Both 
QUESTION. synchronous 


and induc- 
tion motors have their spheres 
of usefulness, and practically 
every long-distance transmis- 
sion demands for its satisfactory 
regulation the use of both types. 
Where the powers are small and 
the loads easily started, the 
simplicity of the induction 
motor and ease of installation 
renders it especially suitable, 
but as their numbers increase, 
the effect of the lagging cur- 
rents they absorb becomes im- 
portant in disturbing regula- 
tion, so that it soon becomes 
necessary to neutralize this lag- 
ging current either by the intro- 
duction of condensers or of 
synchronous motors. 





EXTERIOR AND INTERIOR VIEWS OF SUBSTATION NO. 2 OF THE EDISON ELECTRIC COMPANY, LOS ANGELES, CAL. 
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AN AVERAGE CHART SHOWING THE VOLTAGE REGULATION (9.46 P. M.) DURING A 
““SHORT"’ ON THE MAIN TRANSMISSION LINE 


With a synchronous motor it is possible to counteract the effect 
of large and variable inductive loads, and, when they are installed 
in the substation at the delivery end of the line, a ready and satis- 
factory means of controlling the voltage, whether it is disturbed 
by inductive or non-inductive loads, is provided. Practice with 
these machines indicates, however, that they are still very useful 
if installed at points out of control of the substation attendants, 
provided only that their power of controlling voltage be not used 
maliciously, since they are generally most useful when the exciting 
current is adjusted to a minimum; a condition for which instruc- 
tions are easily issued and of which the reasonableness appeals to 
the most ignorant attendant. 

Much has been written and said of the resonant condition of a 
line, but up to the present time practice in the installation of 
plants and connection of motors, transformers, and other devices 

has not led to important interference from this 


RESONANCE source. What is called the resonant line, or 
RARELY distortionless line, can be obtained in two ways, 
IMPORTANT. either by the connection of capacities and in- 


ductance in series, or by their connection in 
parallel. In the first method of connection there is a very serious 
rise of potential at the respective terminals of the capacities and 
inductances, but with the 
parallel connection no 
such rise is found. The 
series connection of 
capacities and induc- 
tances is rarely used, and 
principally on account of 
the difficulties likely to 
be encountered on 
account of these phe- 
nomena. The exact bal- 
ance of inductances 
against the capacity of a line fifty or one hundred miles long, 
capable of supplying some thousands of kilowatts, would result 
in a voltage rise of not less than ten times the value of the 
normal; and, when one considers that this normal may be any- 
where between twenty-five and fifty thousand volts, it is easily 
seen that such resonance may be formidable. Such an effect is 
sometimes actually encountered in the operation of switches on 
lines where considerable cable lengths are used in feeding highly 
inductive apparatus. In a recent case an arc within a partially 
broken cable feeding rotary transformers, by raising the periodicity 


ARRANGEMENT OF STRAIN INSULATORS 
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.and producing apparently a resonant condition, caused the effect 


of most violent short circuits, blowing fuses with great violence 
and destroying both fuse holders and switches, currents appearing 
entirely beyond the capacity of the generating apparatus to main- 
tain. When the proper inductances are connected in parallel, 
however, their action is beneficial to regulation and easy to handle, 
as has already been explained. 

What has so far been said covers fairly well the question of 
purely electrical problems of regulation, and to call your attention 
to the essentials of the problem, it only needs the summary that 
regulation in a long distance plant is attained by— 

First. A wide possible voltage variation in the generators, with 
generators and transformers both designed, not for good non-in- 
ductive load regulation, but for good inductive load regulation. 

Second. Lines designed for the smallest pos- 
sible capacity current without reference to any 
attempt at balancing the line capacity against 
the load lag. 

Third. The use of reactance coils for balancing the constant 
capacity of the line. 

Fourth. The use of synchronous motors as a variable capacity 
or balancing the variable inductance of the line and the inductive 
motor load. 

Of the elements of design which involve most nearly the ques- 
tion of continuity, supreme importance attaches to the insulators, 
the switches and the lightning arresters. 

To be sure, the entire problem of continuity is also the whole 
problem of design. Everything must be built to withstand the 
strains, and the methods of accomplishing this are neither easy 
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and fire-proof character 
must be resorted to and 
the whole transmission 
line must be built for the 
greatest permanence. f 
Spans are shortened even 
in some cases to only one 
third of that used in tele- 
graph and telephone construction. Heavier poles are employed, 
most carefully set, and braced against even the slighest increase 
of strain. Rights of way are secured and cleared so that these 
transmission lines stand up against the storms and fires that lay 
waste the countryside. 

But returning now to the purely electrical part of the problem 
with which we are mostly directly concerned for the present, and 
directing our attention to the insulators, which present the first 
and most difficult problem, we find at the outset a royal battle 
waged between the insulating properties of glass and porcelain. 
In this country glass has for many years been the king of the in- 
sulators; abroad for an equal period of time, porcelain has re- 
mained pre-eminent. 

For potentials up to about 25,000 volts, where an insulator of 


METHOD OF HANGING AND CONNECTING TRANS- 
FORMERS ON 2,200-VOLT CIRCUITS 


seven inches diameter is sufficient, there seems not much reason 
for the employment of anything except glass, unless the lines reach 
a size above half an inch in diameter, when its 

THE INSULATOR strength is deficient. For these lower poten- 
PROBLEM. tials and lighter lines the good properties of 
glass are easily summarized. In the first place, 

it is cheaper by far; while not so strong as porcelain, it is, as has 
already been said, sufficiently strong for the purpose; its inspec- 
tion is easier and surer, since it requires only a visual examination 
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THE FIRST THREE-PHASE INDUCTION MOTOR TURNED OUT BY THE GENERAL 
ELECTRIC COMPANY STILL RUNS AT REDLANDS 


and a few taps of a hammer to ascertain its soundness in place of 
the tedious high potential test necessary in the examination of 
porcelain. But having said this much, all has been said that is 
possible in favor of glass. 

It is not true that glass is a better insulator than sound porcelain, 
nor is its surface so good in damp weather against surface leakage. 
The mechanical strength does not equal one half that of porcelain, 
as has been proven by a long series of mechanical tests performed 
by dropping a steel ball from a height upon insulators of the two 
materials; temperature also affects it much more than porcelain 
and it is often found to crack simply from the effect of extreme 
changes of temperature. The insulators for high voltage lines 
must be very large, for the reason that with a striking distance 
through the air of from four to six inches, great gaps must be pro- 
vided in the path of the current. But above alla great creeping 
distance is essential. 

Insulators that are a perfect protection in the hardest rain fail 
utterly in clear weather when covered by smoke and soot, which 
allow small amounts of current to escape and char away the pins 
or cross-arms. The compound insulator is very attractive, for the 
reason that it is easier and cheaper to make and handle two or 
three small parts rather than one large one, and in some cases the 
additional advantage has been sought of securing the good proper- 
ties of both glass and porcelain by making parts of an insulator of 
each; but there is both a theoretical and practical fallacy in this 
type of design. In the first place, no dielectric is so strong as one 
entirely homogeneous. As the stress is passed from glass to porce- 
lain, or vice versa, at the two surfaces the stress piles up, as it 
were, and it is better if one believes in glass to rely upon it; or, 
on the other hand, to show faith in the porcelain used by employ- 
ing it entirely. 

From the pure standpoint of practice the insulator which must 
be cemented together is troublesome. The shrinking of the 
mastic leaves voids and produces strains; if cement be used, its 
slowness in hardening delays the work and requires large areas for 
setting out to harden any considerable number of insulators. The 
one other mastic in use is molten sulphur, which, while better as 
a mastic than cement, is still more liable to crack the insulators 
while they are being joined, and when it is exposed to light and 
air it frequently decomposes on the surface, producing sulphuric 
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acid; and, finally, when current creeps over its surface following 
the acid, perhaps, catches fire and often results in the rupture and 
fall of the insulator. The insulator which will be entirely satisfac- 
tory for its use has not yet been found, but the diligent search 
made for it by some of our best engineers is resulting in its defini- 
tion and will probably soon result in its production, not as an in- 
spiration for a patent, but as a careful engineering conception. 





STANDARD 10,000-VOLT CROSS-ARM CONSTRUCTION FOR LONG AND SHORT 
SPECIAL CROSS ARMS OF THE EDISON ELECTRIC COMPANY 


Switching and switching devices are most important and most 
difficult. Step by step the switch has improved in the electrical 
art from the simple commutator used by Faraday and Henry, 
which generally consisted of copper wire dip- 
ping into mercury cups; until, as you know, up 
to the present time a great amount of ingenuity 
devoted to the study has resulted in the pro- 
duction of elaborate and beautiful electrical and mechanical 
mechanisms. Switching for high powers, whether at low poten- 
tial and great currents or at high fy otential and small currents, 
seems to be an altogether different art from switching where the 
svark that may follow can do but little destruction, and its heat is 
readily dissipated. Almost all low power switches are designed 
with the idea that a spark may occur at the break, but as the 
energy of the spark is small, the mass of the switch will carry the 
heat, or the portion of the switch destroved will be inconsiderable 
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and may be easily replaced; but as soon as it. becomes impossible 
to contemplate the destruction of a portion of the switch in the 
rupture of the current, switching becomes impossible by such 
simple devices, the whole art of-switching is changed, and designs 
along entirely new lines must be produced. The great pneumatic- 
ally controlled switches in the large power stations of New York 
and Boston exemplify this principle. Hardly anything in switch- 
ing for small currents is similar. They are not simple switches, 
giants in size, but their method of operation is based upon a new 
principle and they involve in their construction much ingenuity 
and engineering study. As even the great switches with which 
you are familiar operate only on lines where the potential is com- 
paratively low, the principles of high voltage switching need to 
be particularly called to your mind. In any high voltage trans- 
mission system, as, indeed, in any transmission system, the lines 
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the line and thereby brings about great potential rise. We see, 
therefore, that a switch to be satisfactory on a high potential cir- 
cuit must neither rupture the circuit too suddenly nor draw an 
oscillating arc. With ordinary switches in mind, the rupturing of 
a circuit with these requirments in view seems to be almost an im- 
possibility; and, were there no means of introducing into the path 
of the switch blade high resistances which gradually reduce the 
current value, and finally allow the stoppage of the flow of energy 
after it has become small in amount, we would have to provide in 
insulation of our long-distance high-potential lines, materials 
which would withstand voltages from two to ten times the normal 
voltage. Of course no wire-wound or carbon rheostat can be in- 
troduced into these switches, and the only resistances that are 
available are liquid and gaseous resistances. It is almost too soon 
to say that any particular type of switch has resulted from the 


THE FAMOUS PIONEER THREE PHASE SYNCHRONCUS MOTOR WHICH RUNS THE PLANT OF THE UNION ICE COMPANY AT REDLANDS. 


and loads contain not only resistance but also capacity and self- 
inductance. The current flowing depends on the electromotive 
force, the frequency, and the constants of the circuit in an in- 
volved relation. A change in any one of these constants involves 
changes in the resultant current. A satisfactory switch must leave 
the circuit undisturbed as far as possible, and must introduce no 
new difficulties by reason of changed values of the constants. 
Furthermore, if a switch could be built which would simply in- 
stantaneously stop the current, the effect would be an immediate 
and great rise of potential due to the sudden fall of current 
through the capacities and self-inductions of the system. The 
open air switch, which, in its essential particulars, is simply that 
of the ordinary knife, or snap switch as used for low potential, 
draws an arc at almost full current value, which arc, being rapidly 
oscillating in character, effects an increase of the periodicity on 





experiments of the past two years which will be considered for all 
years to come the final type; but the successful work that has been 
done is along the line, as I have said, in the introduction of liquid 
and gaseous resistances. These resistances are the only ones that 
are high enough in value to be enclosed in the small space of a 
switch and which do not introduce additional complexities into 
the station system. The gaseous resistance is obtained in the oil 
switch by the carbonization of the oil as the switches open; pro- 
vided there be a sufficient amount of oil above the switch contact, 
so that as the circuit is opened the production of gas does not 
blow the oil out of the switch, a very satisfactory type of switch is 
produced, and one which our present experiments seem to indicate 
will gradually cause the rupture of a circuit without the produc- 
tion of excessive rise of potential. ; 

The vaporization of metallic oxides has also been successfully 
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IN THE PASADENA AUXILIARY PLANT AND SUBSTATION 


used for this purpose, but when these oxides are vaporized in the 
switch, it is difficult to retain them within the switch and they 
scatter their dust through the whole station. The liquid switch is 
one of the comparatively new developments, and seems in many 
respects to be the best of all, since the liquid is always prepared as 
a resistance under all circumstances and does not depend upon the 
energy of the current to make it the imperfect conductor required. 
Therefore, the disadvantage of the occasional failure of the switch 
from too rapid or too slow production of the vapor, as is the case 
with the vapor switch, is avoided. An incident in the difficnlty 
of obtaining the proper switch for high potential working is the 
difficulty of insulating its moving parts and operating mechanism. 
Insulation materials of high dielectric strength are not ordinarily 
satisfactory mechanical materials. They are brittle, they are hard 
to work, often impossible to work, and are not readily obtained in 
exact form. Hence, many a switch that is entirely satisfactory 
from an electrical standpoint proves to be a failure on account of 
the difficulties with its mechanical support. 

Lightning protection for long distance transmission lines is, as 
one can readily see by the slightest consideration, of the utmost 
importance. Where a line passes over one hundred or two hun- 

dred miles of open country, dipping into the 

CONCERNING valley and rising to the tops of mountains, all 
LIGHTNING sorts of weather conditions must be constantly 
PROTECTION. encountered. A thunder storm of small area is, 

in summer time, a matter of frequent occur- 

rence; and when we consider that, as the line stretches way across 





THESE INSULATORS CARRIED 10,000 VOLTS FOR SIX YEARS NEAR THE 
COLTON CEMENT WORKS 
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the country, many small areas of atmospheric disturbances may 
be and must be daily encountered. To be sure, as you all know, 
the lightning protection of a transmission line is not against 
strokes of lightning, but against the induced currents in the line 
by reason of neighboring lightning strokes. Furthermore, any 
transmission line must be protected against variation of atmos- 
pheric potential in clear weather. Experiments have shown that 
changes of elevation by a few hundred feet sometimes produce 
potential variation of many thousand volts and these phenomena 
must be encountered and handled by the transmission engineer. 
One of the most effective devices that has been used is the erection 
of a continuous lightning rod along the entire line. For this pur- 
pose barbed wire, grounded at the poles, has been employed. In 
some instances this has given trouble on account of the fact that 
the barbed wire used was inferior in quality and erected with un- 
safe strains; but when the wire has been carefully erected, it is not 
necessarily a disturbance to the system, but a means of discharging 
the wire when the atmospheric potential varies and as induced 
current surgings are set up by neighboring lightning discharges. 

It is not by any means a settled principle with transmission en- 
gineers to install this barbed wire, though in the South, where the 
lightning disturbances are most frequent, it may be said that al- 
most every line is erected with this protective device. Where it 
is not used, reliance is placed altogether on the lightning arresters, 
through which the line may be grounded, these being installed 
either at the ends of the line or at the ends and at intermediate 





A TYPICAL TRANSMISSION PUMPING STATION IN SOUTHERN CALIFORNIA 


points; and even where barbed wire is employed, such additional 
protective devices are absolutely essential, since the currents 
themselves can not be entirely freed from induced charges by any 
means, except enclosing them with a grounded metallic sheath, 
and this construction would, of course, be absurd and unmechan- 
ical. No mechanically operated lightning arresters are ever used 
for this purpose in alternating long-distance transmission work, 
the devices employed being either of the non-arcing metal type or 
of a type where the air current produced by an incipient arc 
between the parts of the arresters blows out the are before the 
machine current has an opportunity of following and affecting 
destruction. In some devices the combination of these two effects 
is to be found. These constructions of lightning arrester are old 
and well tried at lower potentials, but it is found that as the 
potentials rise, the laws which seem to govern their action change 
materially, and no step has been made in raising the voltage with- 
out requiring material modifications of the rules for the installa- 
tion of lightning arresters. Two thousand-volt calculations have 
been found to fail altogether on 10,000-volt lines and these again 
to fail when the potential was raised to 25,000 volts, and finally 
with the doubling of that potential, the previonsly ascertained 
rules seem to be altogether thrown to the winds, and a new 
system of lightning protection made necessary. The final form in 
which this will be received by the engineering world has not as 
yet been established, but the experiments which have been tried 
up to the present time, seem to indicate that a resistance or an im- 
pedance, or, resistance and impedance combined, must be installed 
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THE EVOLUTION OF A 10,000-VOLT INSULATOR 


THE D. G. S. P. GLASS INSULATOR ON THE 
ORIGINAL REDLANDS LINE WHICH AFTER- 
WARD CARRIED 10,000 VOLTS 


in the path of the ordinary lightning arrester in order to enable 
the induced charges on the line to pass away readily without notice- 
ably increasing the effective line potential and without grounding 
and short-circuiting the wires. The handling of this problem has 
been one of the last to be solved, and one of the most troublesome 
questions involved in the engineering of transmission lines. 

I have thus been endeavoring to call to your minds the problems 
met by the transmission engineer, and the difficulties he has to 
solve, which are not presented to his brethren in handling ordi- 
nary electric lines and currents; and though I may have given you 
the impression that there are many questions yet to be solved in 
order to bring about success in long distance transmission, when 
success is measured by practically perfect regulation and prac- 
tically absolute continuity, still it would be incorrect for me to have 
given you the impression that the engineers are still groping in 
the dark for a solution of their problems for the attainment of 
success as measured by the criteria I have laid down. The limita- 
tions I have placed upon the solutions that have been already ap- 
plied relate only to the question as to whether present solutions 
are in their final form, and it would be a wonder of the world if, 
with long-distance transmissiion beginning in 1894 with a small 
plant at Portland, Maine, and a small plant at Housatonic, Mass- 
achusetts, the solution that has been reached in 1902 for the pro- 
blem as extended to 200 miles were in the final form; and if I have 
given you some of the inside history of the difficulties to be en- 
countered by transmission engineers, you would be doing me and 
those engineers an injustice to believe that I have been doing any- 
thing excepting calling to your attention the difficulties that have 
been met and the construction which still remains to be improved, 
while at the same time announcing the triumph in practically and 
successfully transmitting power up to 215 miles, and practically 
and successfully building at least two plants for the permanent 
distribution of energy at distances in each plant exceeding I50 miles. 











THE PORCELAIN INSULATOR OF THE 
REDLANDS-RIVERSIDE 
TRANSMISSION 


THE SANTA ANA TYPE GLASS INSULATOR 
ADOPTED AS STANDARD FOR 
10,000-VOLT WORK 


UNIVERSAL EXPOSITION OF ST. LOUIS, U.S. A. 1904, 


HE Electricity Building of the Universal Exposition of St. 
Louis, 1904, is the largest ever provided, by an exposition 
or otherwise, for electrical exhibits and displays. It covers 

virtually 300,000 square feet of ground space as against 250,000 
covered by the Electricity Building at the Columbian Exposition 
at Chicago in 1893 and 75,000 by the Electricity Building at the 
Pan-American at Buffalo in Igor. It is of most graceful design 
and proportions, forming an elaborate pentagon, each of its five 
sides representing a succession of splendid columns after the 
richest Corinthian order, four sides being surrounded by a balcony 
of rare grace and beauty. It encloses an open central circular 
court surrounded by rich colonnades, which will be banked with 
masses of flowers and make a pleasing retreat for visitors to the 
building. 

Its location within the Exposition grounds is most favorable. 
It rises right at the foot of the grand terrace and cascades and 
thus constitutes a prominent feature of the main arrangement of 
the rich section which is called the main picture of the Exposition. 
The eastern exposure of the building fronts 525 feet on the main 
avenue of the Exposition. This broad thoroughfare leads up from 
the main entrance to the grand basin and cascades and is pene- 
trated by the central lagoon. The southern exposure, facing the 
grand basin and the cascades, is in direct view of the electric 
fountains, the peristyle of the Festival Hall and the splendid Fine 
Arts palaces. On the west and north the building is bordered by 
other principal avenues of the Exposition and additional extended 
arms of the lagoon. It is therefore completely surrounded by 
water. It is led up to by splendid arch bridges which will dis- 
charge ths crowds into the broad avenues directly surrounding 
the building. Four main entrances are provided, one imposing 
portal at the meeting of the two north facades and one at the 
center of each of the other sides. Graceful and ample entrances 
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THE ELECTRICITY BUILDING OF THE ST. 


are also provided at the corners of the building. The doors are 
of gigantic dimensions, 11x18 feet. The north facades of the 
building measure 600 feet, which makes its greater dimensions 
525x600 feet; 176 trusses and 185 tons of steel have been used in its 
construction. 

The details of the building are exquisite and well executed in 
every respect. The columns supporting and adorning the sides 
are carried down close to the ground to give height and effect to 
the facades. The facades are accentuated by elevated pediments 
and tower effects 
which rise over the 
four main entran- 
ces and at the cor- 
ners. For varia- 
tion, a twin column 
treatment is pro- 
vided at different 
intervals along the 
sides and over these 
as well as over the 
elaborated entran- 
ces and corners op- 
portunity for ample 
sculptural decora- 
tion is supplied, 

The fenestration 
of the building is 
bold, liberal and 
appropriate, giving 
ample light, while 
affording substan- 
tial wall treatment. 
On two sides grace- 
ful and capacious 
loggias have been OST ST SSES SSSSSSSTatasess CTS 
extended which en- 
hance the general 
beauty [of thie 
facades, offering 
pleasing effects of 
light and shadow. 
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A rare scheme of 
indirect illumina- 
tion is being 
worked out and 
will be applied to 
the building, 
which will accen- 
tuate its beauty 
at night. 

The design of 
the building and 
its general and 
special propor- 
tions and arrange- 
ment are pecu- 
liarly adapted for 
an effective dis- 
play of exhibits. 
There are numer- 
ous openings in 
the facades, such 
as exhibitors seek 
in selecting their 
exhibit spaces. 
Each of the 300,- 
ooo feet of floor 
space is directly 
available. It is 
all advantageous- 
ly situated, being 
compact, symmetrical, well lighted, well distributed, according to 
aisles and entrances, and well provided with all conveniences. 
Most important of all, it is all ground floor space, there being 
not a foot of gallery space in the building nor in any other exhibit 
building of the Exposition, a feature of the Electricity Building 
and of the Universal Exposition that will be welcomed and appre- 
ciated by exhibitors and public alike. A great traveling crane, to 
be used in the placing of the heavy electrical machinery which 
is to be exhibited, will be installed in the building. 
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The Water and Electric Systems of the South Yuba. 


BY RUDOLPH WARNER VAN NORDEN. 


[Modesty is ever a prime virtue, to the eminence of which, alas, the author-engineer who describes his own 


work too often fails to attain. 


But the article which follows is noteworthy because of its fulness—nay, its exhnustive- 


ness—in the matter of engineering detail, and because its author, who has builded the transmission and distribution 
systems here described, has so cleverly concealed the renown which belongs to himself as a supervising and con- 


structing engineer. 


xenerosity in the treatment of others and absence of self-laudation are among the praise- 


worthy characteristics of Mr. Van Norden’s article; yet it should be known that the results of his work during the 
past three years or more which embrace the period of his connection with the Central California Electric Company 
are shown in the completed electrical system as it stands today.—THE Eprror. ] 


F all years in the history of Cali- 
fornia, the most remarkable was 
the one when the whole nation 
was at fever heat over the 
fabulous reports of great gold 
discoveries —the year 1849— 
when thousands were immi- 
grating into the new country 
from all parts of the Union. 
The early settlers had no sooner 
arrived and begun their quest 
for the precious metal than a 
stumbling block had placed 
itself in the very path of success. 
This drawback, only one of the 
many hardships encountered by 
the sturdy men who had risked 
their all for a dream of fortune, 
was the absolute lack of water, 
under sufficient pressure and in 
great and constant enough quan- 

tities, to enable the breaking up and working of the gold-bearing 
ground. It was then that the same tremendous eagerness and 
grim resolution which had brought the settlers into the country 
was put into requisition in forming the beginning of that which 
is now the greatest water system in the State. 

Mining by the hydraulic system, had, in an inconceivably short 
space of time, proven its worth. Fabulous clean-ups were con- 
stantly being made by some fortunate miners whose claims were 
so situated that water from nearby rivers could be utilized by 
building crude dams and ditches; but those who, from their loca- 
tion or their inability to get choice water rights, were less fortu- 
nate, were driven to a source of water supply in the high mount- 
ains, which as yet had no charms for the ruthless destroyers of 
Nature’s beauties. 

For several months in the year, extending from June to late in 
the fall, the creeks among the high Sierras become mere riyulets 
—but pitiful contrasts to the swollen and turbulent torrents which 
course through the grand canyons and meadow-like valleys for the 
remainder of the year. This condition necessitated the construc- 
tion of great dams, behind which the spring floods might be im- 
pounded, to be loosened during the period of low water. 

It was in the summer of 1850 that the mountains, canyons and 
valleys were searched to discover reservoir sites that could be 
dammed with such material and labor as were at hand. The 
primeval forests furnished lumber in plenty and granite boulders 
and smaller rocks were to be found everywhere dislodged by 
glacial action. 

In the counties of Nevada and Placer many groups of miners, 
each obtaining a water right on some creek, built crib dams of 
timber, weighing them down with loose rock. Many small valleys 
surrounded by mountain peaks were made use of when their 
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PART I. 
RETROSPECTIVE AND PROSPECTIVE. 


shape was such that they would hold considerable water by dam- 
ming. These dams, although often not of great length, were 
high, and the crib construction was out of the question. The 
**rock-fill dams,’’ built at that time to fulfill these conditions, are 
today good examples of some of the best types of dam construc- 
tion of the present time. From these improvised lakes canals or 
ditches were built where the ground permitted; otherwise fiumes 
were constructed, carrying the water to the mining claims. 

Of these pioneer companies one of the strongest, the South 
Yuba Canal Company, gradually extended its field of operation by 
occasionally absorbing a less prudeut rival. For fifty-two years 
this process of gradual absorption and expansion has brought 
under the main head of the South Yuba Water Company the 
larger part of the individual enterprises of Nevada and Placer 
Counties. In the year 1880 the Nevada Hydraulic Mining Com- 
pany was added, and in 1890 the Bear River Canal Company, 
which ran its water to the extreme lower end of Placer County, 
was ‘absorbed, while in 1891 the Fall Creek water system was 
acquired. Many new dams have been built and lakes created, 
while some of the older dams have been from time to time 
strengthened or raised. 

For many years the principal business of the old company was 
the supply of water to the many “‘ giants’’ used in the hydraulic 
mining process. This form of mining by almost superhuman 
power seemed to be a fit setting for the undaunted determination 
to wrest from Nature the hidden secret of fortune. 

While many miners were working the gravel claims, others 
were prospecting the adjacent country for quartz ledges. One by 
one the now great quartz mines opened up. These mines, while 
requiring the use of water in the gold extraction process, had a 
still greater problem to solve. Power in various quantities was a 
necessity. Water was at hand under enormous pressures. The 
common types of turbine water wheels were inefficient and out of 
the question. Many ingenious men set their wits to the task of 
building a simple apparatus to convert the power of the water into 
a mechanical movement. It was to the discoveries made by Pel- 
ton, Knight, Dodd, Englebricht and others of lesser fame that 
various types of water wheels were brought into use. 

All of these wheels were of the ‘‘ hurdy-gurdy’’ type, with the 
exception of Knight’s, which might be called a modification of 
the ‘“‘hurdy-gurdy’’ type. These early types of water wheels 
were all more or less effective in obtaining the reqnired results, 
and were the forerunners of the modern impnise water wheel, 
which has atthe present time attained a high state of perfection. 
The presence of high falls of water was thus put to the use of 
driving the stamps, hoists and compressors in the mills. 

While an era of prosperity covering many years was in evidence 
in this part of the country, the valley country was suffering more 
or less by sand and earth washed from the mines. This debris 
was gradually deposited on the nearly flat river bottoms, necessi- 
tating great levees to protect the flooding of theretofore fertile land. 
In all probability hydraulic mining was not entirely responsible 
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for these deposits, but nevertheless its cessation was strongly ad- 
vised as a partial remedy, with the result that in 1886 the State 
Legislature passed laws which practically ended the existence of 
an enormous enterprise. This sudden cessation of mining activity 
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LAKE FORDYCE IN THREE SELF-EXPLANATORY VIEWS 


reacted directly on the water system, which at this time derived 
its principal revenue from the mines, and a new field of operation 
became a necessity. 

It has been proven that the soil and climate of the foothills of 
both counties were favorable to the growth of deciduous fruits, 
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and this fact was asa ray of hope on the horizon of the now de- 
spairing company. Old canals were repaired, new ones were 
built, the Bear River Ditch Company was purchased and water 
was carried to the lower foothills. Gradually year after year 
ground was cleared of the digger pines and greasewood. 
In the place of their rank growth great orchards of 
peaches apricots, plums, cherries and many other less 
important but equally luscious fruits were planted. Year 
after year the network of small feeders to the water sys- 
tem was increased, the water being sold on the same 
basis that it was higher up in the mountains, 7. ¢., by 
the miners inch, As a result the forlorn wilderness of 
scrubby growth has been gradually converted into a vast 
garden, covering the entire foothill portion of Placer 
County. Great groves of orange trees have sprung into 
existence, wherein are grown the largest and sweetest of 
navel oranges. Olives have asserted their claim to the 
soil, and to these enterprising olive growers may be 
credited the creation of that most delicious condiment, 
the ripe pickled olive. At all stations of the Central 
Pacific Railroad in the foothills are commodious fruit 
shipping houses, from whence, every month of the year, 
fruits of every variety are shipped to the Eastern markets. 

All this cultivation has been available only through 
the aid of the great system of lakes, flumes and ditches 
comprising the system of the South Yuba Water Com- 
pany. 

Soon after the general utilization of water for irriga- 
tion had become an accomplished fact, the great advances 
which had been made in the*use of electricity for power 
and lighting purposes brought up the subject of using 
the natural falls in the canal lines for the production of 
electrical energy for transmission to the natural markets 
thereabouts. As a consequence, the directors of the 
South Yuba Water Company formed a new company, 
in the spring of 1895, to deal only with the generation, 
transmission and sale of electrical energy. In the sum- 
mer of the same year the first power house was installed 
near the town of Newcastle, in the midst of peach and 
cherry orchards. Transmission of electricity was then 
literally in its infancy. Potentials sufficient to make a 
transmission of twenty-eight miles commercially feasible 
were looked upon by wise men with much misgiving. 
In 1896 the transmission of power to the city of Sacra- 
mento was an accomplished fact. Two years later a new 
power house at Auburn was installed, and now the great 
advances in the art of handling high potential electric 
currents has made the transmission of power from the 
new power station at Alta possible. 

The large amount of territory covered, the great amount 
of water power which is easily developed from natural 
drops in various branches of the company’s water sys- 
tems, and the many opportunities for the application of 
electric power which exist, make the system as a whole 
eminently adapted to the power transmission business. 

From the highest point of the system on the summit 
of the divide to its lowest point at the town of Rocklin, 
it is paralleled by the transcontinental track of the Cen- 
tral Pacific Railroad. This road is now said to be the 
most heavily traveled of any single track railroad in the 
world. As thé nature of the country traversed in most 
places would prevent the possibility of double tracking, 
some scheme will shortly be necessary to relieve the 
congestion of travel. 

The quicker and cheaper handling of trains over the 
Sierras is the dream of railroad officials and trainmen. 
The plan of the South Yuba Water Company will solve this 
problem. This plan contemplates carrying water from the sum- 
mit, through proper flumes and pipe lines, and giving it a drop 
of approximately 500 feet in every five miles. By following the 
line of the railroad until the valley is reached there will be had 
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opportunity for fourteen power developments from the same water 
which is now being utilized in the present system of the South 
Yuba Water Company. In anticipation of the eventual consum- 
mation of this project a new reservoir was located in Summit 
Valley during the years 1899 and 1900. Sufficient power to operate 
twice the amount of traffic as exists at present can thus be ob- 
tained, and the water so used will finally assist farmers in opening 
up lands which are thus far uncultivated. 


PART II. 
THE SOUTH YUBA WATER COMPANY. 


The South Yuba Water Company, organized under the laws of 
New York, owns extensive properties in California. Its business 
is to furnish water for irrigation, for municipal supply and for the 
various uses of power, and the range of its operation covers the 


_ larger part of the two counties of Nevada and Placer. Its proper- 





FOUR VIEWS OF 


THE DAM AND OUTLET 
THE GATE STEM AT OUTLET 


ties consist of water rights, reservoirs, aqueducts, canals, tunnels, 
flumes and pipe lines, town water works and extensive lands. Its 
natural resources are the local rivers and creeks, and back of these 
the melting snows of the Sierra Nevada Mountains and the waters 
therefrom, appropriated according to law and having the right of 
way, are conveyed to cities, mines and factories, or distributed 
over cultivated lands, in an immense network of acqueducts. 

Its various rights are obviously of great value, and, if not 
already secured, would at the present time be unobtainable. Its 
natural lakes are far upin the mountains, just beneath the regions 
of perpetual frost, in a country where late in March the snow lies 
from ten to twenty feet deep. 

Its reservoirs are fortified by costly dams, and they are of large 
extent and capacity, while its reservoir sites control the future 
entire drainage of the slope. Moreover its system of distributing 
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aqueducts involves about 450 miles of canal, flumes and pipe 
lines, etc. The company’s income is derived from the sale of both 
water and power. 


WATERSHED AND STORAGE RESERVOIRS. 


The company’s watershed, embracing an area of 150 square 
miles, lies about the sources of the South Yuba River, just be- 
neath the crest of the Sierra Nevada, in a very wild and tempest- 
uous region, wherein the annual rainfall averages upwards of 
sixty-five inches. Snow falls from the months of March to No- 
vember, inclusive, and at the end of the stormy season it lies from 
ten to twenty feet on the level. August is far advanced before 
it is all melted. 

The entire available supply of the watershed is probably not 
less than 200,000,000,000 gallons, and is ample for all likely future 
needs of the company on the most ambitious estimates. 


’ 
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MEADOW LAKE 


THE LAKE IN PERSPECTIVE 
THE DAM IN PERSPECTIVE 


The storage reservoirs are located in the watershed or at its out- 
let and are natural basins, shut in by dams that convert them into 
lakes. Placed in a country of immense granite mountains, beet- 
ling cliffs and deep, broad ravines, the very location guarantees 
the purity of the waters that are inaccessible in their wild 
seclusion. The surroundings of these lakes are in the highest 
degree severely grand, and are approached only by the wild beast, 
the sportsman and the prospector. 

The storage reservoirs of the South Yuba system are twenty in 
number and of large size and capacity. 

Lake Fordyce is at the center of the system and is the most im- 
portant reservoir of all. It covers an expanse of 474 acres and is 
situated on the North Fork of the South Yuba River, sixteen 
miles above the head of the main canal and seven miles from 
Cisco—a station of the Central Pacific Railroad—and 6500 feet 
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THE SOUTH YUBA CROSSES UNDER THE SNOW SHEDS OF THE CENTRAL PACIFIC RAILROAD AND THEN 
CONTINUES ON ITS WAY TO.LAKE -VAN NORDEN, WHICH IS HERE SHOWN 


above the level of the sea. The dam restraining it was built in 
1873 in a gorge at the outlet of Fordyce Valley, and was subse- 
quently enlarged and perfected, but is still to be raised ten feet. 
It is 815 feet long, seventy-two feet high on the inside and ninety- 
six on the outside, and in breadth measures 140 feet at the base. 
It is constructed of dry rock wall, rock filled, lined on the inside 
with three-inch plank. It has a waste weir 100 feet long and five 
feet deep and its cost was $300,000. The capacity of the reservoir 
is 6,000,000,000 gallons. Upon the completion of the additional 
ten feet on the dam the capacity of the reservoir will be doubled. 

Meadow Lake lies two miles to the north and 1000 feet higher 
than Lake Fordyce. It covers an area of 300 acres and is 
restrained by a dam 1100 feet long, forty feet high and 100 feet 
wide, The cost of this dam was $75,000. On the shore of this 
lake there once sprang up a city—Summit City—over mines of 
supposed value, and 4000 people assembled here, who, when 
the deep snows buried their frail habitations out of sight, awoke 
to the realization of the impossibility of extracting gold from the 
refractory ore, and almost in a day abandoned the place. Now 
only a few wretched huts remain to defy the storms. 

Lake Stirling, likewise, is lifted far above Lake Fordyce, and 
empties into it down a rugged precipice from the south. Its dam 
is of crib-work filled with rock. It is 200 feet long and twenty 
feet high, but may safely be raised ten feet. 
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White Rock Lake, six miles to the east, con- 
tributes its waters toLake Fordyce, through the 
North Fork of the South Yuba River. 

Lost River and Mossy Pond Lakes lie to the 
south of Lake Fordyce, while the Devil’s Peak 
Lakes lie about ten miles to the south of Lake 
Fordyce and pour their water into the South 
Fork of the South Yuba. This branch, joining 
the North Fork, empties into Lake Spaulding. 

Lake Van Norden lies three miles to the east 
of the Peak Lakes, near Soda Springs Station 
on the Central Pacific Railroad. It is the 
newest of all the reservoirs, having been built 
in the summer of 1890. This lake covers an 
area at present of 300 acres, its dam being of 
earth, twenty-five feet high, containing a con- 
crete core. Like some of the other dams, that 
of Lake Van Norden has its crest unfinished 
to provide for raising at some future time, but 
at its present height it holds 200,000,000 gallons. 

The Fall Creek lakes are at an elevation of 
5500 feet; they lie west of Lake Fordyce and 
their waters eventually flow into Lake Spauld- 
ing. This system comprises six lakes. 

The Omega Lakes, three in number, are 1000 
feet higher and directly north of Lake Spauld- 
ing. 

Lake Spaulding is situated at the outlet of 
the watershed, three-quarters of a mile above 
the head of the main canal, on the South Yuba 
River. The basin is a broad, deep valley, the 
exit from which is a narrow, rocky gorge, in 
which, during 1891 and 1892, a dry rock dam 
faced with plank was erected. Here the South 
Yuba swells into a very lovely sheet of water, 
girded about by lofty hills with snowy ridges 
rising high in the background, The overflow, 
springing from weirs upon broken masses of 
rock to escape, foaming down the wild ravine, 
forms a cascade not often surpassed in Nature’s 
handiwork. The dam is 290 feet long, sixty- 
seven feet high and sixty-seven feet wide; the 
outlet is by a tunnel cut through a solid point 
of rock, with two waste weirs each 120 feet long. 
The area of the lake is 215 acres and its capacity 
is Over 2,000,000,000 gallons. 

Lake Spaulding forms a collecting and dis- 
tributing basin for the entire watershed, and through it flows all 
the waters of the upper storage reservoirs. It serves to check the 
admission of snow into the main canal in winter, and also to regulate 
the amount of supply for the canal system. 

The vastness of the entire storage system will appear in the fol- 
lowing: 

TABLE OF AREA, CAPACITY AND COST. 














Eleva- | : 
Name of Reservoir. | tion, — —- | a 

Feet. | 
I 5 6 hw scassces | 7,515 | 300 | 1,275,000,000 | $75,000 
TUN 5 5-6 Sa nl Bhat 5 Mo | 7,200 | 100 | 340,000,000 | 20,000 
White Rock. ..........| 7,000 80 | 255,000,000 5,000 
Peak Lakes (three)... .|6,900] 150 | 1,275,000,000 | * 
ORO oO ds oe | 6,500 | 474 | 5,950,000,000 300,000 
RNG IWS SS sk tetas 7,000} ... | 85,000,000 * 
Omega Lakes (three)...| 5,000 | 300 | 1,275,000,c00 * 
Fall Creek Lakes (six)..| 7,000 | 171 | 1,020,000,000 | * 
Spaulding..............| 4,846] 215 | 2,125,000,000 | 50,000 
Van Norden.. ......... | 7,000 | 350 | 2,000,000,000 20,000 
Bear Valley............ 4,500 | 00 | 200,000,000 10,000 


The entire capacity of all these storage basins is, therefore, 
14,525,000,000 gallons. 


*Records lost. 
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NEVADA AND PLACER COUNTIES, 
CALIFORNIA. 


SOUTH YUBA WATER COMPANY, 
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RESERVOIR SITES AND WATER RIGHTS. 

Large as the company’s storage at present is, it quite fails to 
husband the entire supply of the watershed. It is calculated that 
in an average season Meadow Lake could be filled twice, Lake 
Stirling five times and Lake Fordyce could be filled four times, 
and so on, while, during a very stormy year, Lake Fordyce could 
be filled twelve times. The supply through the present outlets is 
not less than 150,000,000,000 gallons, or twelve times the present 
storage. The lowest supply is full four times the present storage. 
Hence the purchase of the following reservoir sites to meet 
prospective demand upon the company’s resources: Five hundred 
acres in Summit Valley on the very crest of the Sierras; 160 acres 
near Tamarack Station on the Central Pacific Railway, at the out- 
let of a deep, broad natural basin, and tooo acres of Bear Valley, 
four miles below Lake Spaulding, at the head of Bear River. 

The properties of the company derive their value from what are 
termed ‘‘ water rights.’’ These are certain inalienable and price- 
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Moreover, whoever turns water into any river bed may, at a lower 
point, take therefrom the amount contributed, and all rights local- 
ized between entrance and exit are subordinate thereto. And, 
finally, all use of streams is subject to rights of this character pre- 
viously acquired. 

The South Yuba Water Company has the first right on the 
South Yuba River, the first and third rights on the Bear River, 
the first and second rights on Deer Creek and Rock Creek, second 
rights to Little Deer and Steep Hollow creeks, and rights also to 
Fall and Bowman creeks, and exclusive control of many smaller 
streams. These water rights were acquired forty-eight years ago, 
hence the company’s ownership is fixed and absolute. 


THE CANAL SYSTEM. 
The distributing canals form a network over Nevada and Placer 
Counties and measure 450 miles in distance. Much engineering 
skill and ingenious constructiou has entered into their construc- 





FOUR VIEWS OF LAKE VAN NORDEN 


ITS PICTURESQUE LOCATION 
ITS DAM AND WATERWAY 


less privileges, conferred by the United States upon the original 
settlers who colonized its waste lands, in encouragement of enter- 
prise. They are threefold—the right of appropriation, the right 
of ownership and the right of eminent domain. Any company 
or person’ appropriating water from any natural source has right 
to the use and improvement of such water, to the extent of the 
capacity of the waterway supplied, and forever afterward, so long 
as such use and improvement are continued, and “‘ first come, first 
served,’’ second rights being subject to first, and third to second. 
A water corporation, like a railway company, has right of way 
over every man’s land to the full extent of the principle of emi- 
nent domain. These prerogatives, so necessary to such a business, 
and when secured so valuable, have been carefully respected and 
buttressed by State enactments. After five years’ continuous use 
the right cannot be called in question: and becomes irrevocable. 


ITS WESTERN SIDE 
ITS GREAT SPILLWAY 


tion. Ground of every description, much of it being of uncer- 
tain nature, porous or sliding, and difficult ravines, rock cuts, 
chutes and much flume, enter into the makeup of one of the long 
canal lines. 

The dividing lines are carried along the crest of ridges and are 
thus available for use for power, for irrigation or for municipal 
supply; they are out of reach of local contamination and are 
always exposed to aeration by the mountain breezes. The water 
that traverses them moves down swiftly, often in rushing waves 
and not seldom in foam, never for a moment stagnant, and is, ex- 
cepting that taken from Bear River, soft, clear and cold. 

The main canal heads in a narrow, rocky gorge, three-quarters 
of a mile west of Lake Spaulding, and receives its supply through 
a small tunnel, through which the water is diverted by a masonry 
dam. From the tunnel an immense wooden flume, having a daily 
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HERE 1S THE HEAD OF THE SOUTH YUBA DITCH IN NEVADA COUNTY 


capacity of 136,000,000 gallons, or 8000 miners inches, is carried 
along the gorge against the face of a perpendicular cliff, on a rock 
shelf blasted out for the purpose. This flume is thus carried for 
three miles to a point where it crosses the divide between the 
South Yuba and Bear rivers, at the head of Bear Valley. The 
system here separates into two divisions, the Nevada system, 
which supplies all the water delivered in the county of the same 
name, and the Placer system, which carries water to the western 
end of that county. At the point where the flume comes into 
Bear Valley part of its water is diverted into Bear River, down 
which it runs for about a mile into Bear Valley Lake. The main 
canal is meanwhile carried onward for six miles, hugging the wall 
of the ravine and the wooded slope of Bear Valley, and its flume 
conveys the water to a deep, broad ditch, which later passes 
through atunnel. The main canal penetrates a mile of tunnel- 
ing, and it is said to have cost the adventurous miners who built 
it the tidy sum of $600,000. 

After passing the ‘‘ big tunnel’’ the ditch carries the water in a 
generally straight direction to the quartz mining district about 
Grass Valley and Nevada City. Subdivisions are frequent, and at 
one time a large amount of water was carried to the hydraulic 
mining districts of ‘‘ Little York,’’ ‘‘ Yankee Jim’s’’ and ‘‘Red 
Dog.’’ Through the use of restraining dams, a large amount of 
hydraulic mining is at present carried on. 

At the lower extremity of Bear Valley two log crib dams, each 
twenty-five feet high and about 200 feet in length, impound the 
water of Bear Valley Lake. This lake, although not of great size, 
adds much picturesqueness to the already beautiful valley. Water 
from this lake is diverted into the main Placer division, or what 
is better known, the Dutch Flat ditch. For fourteen miles this 
canal winds in and out of the canyons tributary to Bear River, 
until its water is poured into the new reservoir of the Little Bear 
River, or Alta Power Station. After being discharged from this, 
the newest of the power houses of the Central California Electric 
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Company, the flow is diverted by a rock-faced dam into a short 
piece of ditch, one mile in length, which finally joins the older 
Dutch Flat Ditch at Alta. 

For fifty miles this canal follows ridges, flumes, bridges, inverted 
siphons and straight pipe lines, until the reservoir at Clipper Gap 
receives the flow, to be distributed to all parts of western Placer 
County. Here the Bear River ditch makes its appearance and 
beyond here two main canals carry water for distribution. 

The. accompanying table will give at a glance some idea of the 
size of the distributing network. It must be borne in mind that 
these canal lines are not continuous, but, where the uneven sur- 
face of the country or the steepness of the grade requires it, are 
alternated with wooden flumes or steep pipe lines, with occasional 
tunneling. 


DISTRIBUTING SYSTEM OF THE SOUTH YUBA WATER SYSTEM. 


Name of Canal. Length Daily Capacity 





in Miles in Gallons. 
manent tO Pear VOIP oo... os ook kd ee 3 136,000,000 
CN A et gc gic 2. She the dee bee's 16 102,000,0C0 
I at EN cc's ya dewey se 8S 25 68,000,000 
Nh sinus Saeed + pene. cag enw ees 14 5 34,000,000 
NS GF 2 dco woe gwd r ees sas ows cad 8 34,000,000 
i ate ONS Feks Seuege 40% aw oko¥ 13.5 34,000,000 
A ar St ein ods ahs tagnus iaeee owes 1.5 8,509,000 
er aw hw nla 00 9.6.0i0a Wo ¥s 6 8,000,000 
a hare a a a b's ak Wise 00 Oo 9 20,460,000 
MI aa fo ale Aig enn o bw cW'sin ancwiela ds 4008 I 5 17,000,000 
NEE foe o Saicgt Ee 6 6S. HS 0S hcl weeeckwe 2 3,400,000 
|  : 5) | ae Aidabice eases 4 3,400,000 
UM Ria a sepa wk sales ie 64am ov ede s 7 5,100,000 
A rte e.g PUisie ies 0 50 ve os Vek ee u's 18 34,000,000 
Se RO EI hs nas) Vous Osis cowee oGeeee 4 g0,000,000 
Ridge ee ee eas is Tilkdie wed Cie uecoa ts 6 4,250,000 
SE ei re ore ree 4 34,000,000 
NI iSO os vuewnkc tuwekee 4 1,700,000 
IS ey CL sh wed bance cota nteues 10 8,500,000 
Ni he Seta bss cow nce Paw. tecnvovces II.5 17,000,000 
DOR Oe PN oe kee bcs cas eee whee 7 51,000,000 
SII ia. kG a oo ce G50 to hock oe 58 34,000,000 
RI oaths eae eck Viena disis oh ces 6 17,000,000 
Atwood (10,000 feet 6-inch pipe)... ....... 6 850,000 
WO We IOOOTE TN ho. og kins soda wacked I5 8,500,000 
Auburn Town (2000 feet 11-inch pipe)...... .875 1,700,000 
ES air tls «Sk GuaW Ad oie ae S aso ss ogee 4 1,700,000 
RNs abies Cha Lae hat hess) Want Pn eceees 10 8,500,000 
NS ee ae es es gw wl 4 1,750,000 
SE III oh kr Gv sd cee cceabe 2 1,750,000 
cree gaa 5.5 kes dee tacks ot 20 8, 50,000 
UIE i oS oO occ aécaseue ee iwc 6 2,350,000 
ee a oa cv ac pas nceees 7 850,000 
Sebastapol Seat Mea Wa he ann ei nie ow-cckele eo 8 1,275,000 
Lincoln (1% miles 11-inch pipe) .......... 16 1,235,000 
REI a So cenit kei soe ceed weer 5 10,200,000 
IIR ics Sie G os bon se svk dw ccacuace 4 1,700,000 
SUNN ea stg OR ede dade ceice snes s 8 2,550,000 
NS Gl eet nde cdi ds ob de sdeckue esi 10 6,880,000 
RE ek nes Knee eulecaes Pewluy ke ares 10 2,550,000 
Penryn (1200 feet meme)... 2c cen cee 3 1,700,000 
Greeley (9500 feet 11-inch pipe)........... 10 17,000,000 
Loomis (1 mile 15-inch pipe).............. 6 4,250,000 
CNS. «ib done eaa een i <0 ace dev 3 6,800,000 
Rocklin (4 miles 11-inch pipe)............ 4 4,000,000 





CARE, MAINTENANCE AND POSSESSIONS. 

All lines of canals are provided at short intervals with wooden 
grid screens, and also with waste boxes wherever a convenient 
point is reached that water may be wasted. At intervals of ten to 
fifteen miles a ditch-tender is situated, having his home on the 
line of the canal and being connected with all other points on the 
division by telephone. Each day every mile of the waterways 
are patrolled. In addition to those listed, the company owns a 
number of old canals not now in use, which could be reopened if 
water were needed on their route. 

Where water is required for municipal supply, or for power res- 
ervoirs, to provide against possible break in the lines distributing 


reservoirs are suitably located. These are small and not in any 
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way elaborate, but in the aggregate represent considerable invest- 
tment of capital. There are fifteen such reservoirs for distribution, 








as follows: 
Name. vFedt | tb Gallons. 

II 55588. dw kg MERA E A 0 ok BREE OE 3,800 8,500,000 
Bate Pewee Tae iss oS a 4,200 17,000,000 
RI Mn kee aes WW ie cheb erage wines 3,700 3,400,000 
ee OPE AN pe EOL Ye 3,000 13,600,000 
PEO MOREE coi 05.9 Sa DEERE ETE hoe deee 2,700 2,550,000 
PN 5s 26k Ba Pe ds eee ee ies 2,850 3,400,000 
isn Seige stent a ae 3,075 34,000,000 
RR SR sc nna Seen he Rahs REE AE 1,800 119,000,000 
MNES <5 0% ahi) cde cider Vcass Meera’ 3,500 1,700,000 
es eos «Sas 00 GE RORI o ie eae eS 1,500 3,400,000 
PE COROONG ) .. . ss caine sks chabaskusnn+<] eee 510,000 
Newcastle (two) ..... UE h Ras ON Beate 6% 1,200 5,000,000 
DN 5 ose 5 ba CRNA oo 0:5 ULES Ao v0 0 SAO 400 8,500,000 
RU AMON os vc ciniv cp Rian ie nda sd 440 340,000 
NR SP WON aS oe. Soleo ext vane cs 1,000 2,550,000 





To cover rights of way, to protect water rights, for reservoir 
sites, etc., the company owns several thousand acres of land, one 
parcel of which consists of nearly 1000 acres, immediately 
north of Emigrant Gap, a station on the Central Pacific Railroad, 
in one of the most beautiful inter-vales in the world. The land is 
mostly in broad, flat meadow of rich, inexhausted soil, and is 
surrounded by lofty wooded slopes. The valley is untenanted, 
except in summer by campers. Here is the paradise ef larks, lin- 
nets and quail, thé haunt of the deer and the resort of coyotes. It 
will suffice to append the following: 


LIST OF LANDED POSSESSIONS. 





Situation. Acres. 
Summit Valley, second reservoir site.......... 480 
Tamarack, reservoir site. ...........00sce000:: 160 
Bordering Lake Stirling...................-.. 30 
Bordering Lake Fordyce....... 2.6... -..2+04+ 1,160 
Bordering Lake Spaulding.................... 720 
Covering South Yuba River near Main Canal.. 800 
Covering rights of Fall Creek Canal .....:.... 160 
a EF Re ee ree ee ee re 960 
Additional in Placer County..............++.- 200 

PMOL, 955.5 sc hae os nas 6 55s ck Coa eee 4,670 


To this must be added sundry mining claims, more or less valu- 
able, as follows: 
MINING CLAIMS, 





SER WORE. oa ik Sa ores RAN Rows a beh Rk 435.26 
ME IN. Gis a Gah cick Ses FAAS Ew ab we aus 22.42 
NE POOR css. evan cus & vinereaess secs 10,32 
Gg Ag Apa en rena 26.84 
ees NON PONS ook is ss ess cnnebs Save 62.88 
Portion of You: Bet Plater: 0.066556. scckcees 3.13 
Portion of California Placer No. 1............ 4.50 
Portion of California Placer No. 4............ 12.77 
Portion of California Placer No. 6............ -34 
Portion of California Placer No. 7............ 24 
Portion of California Placer No. 8............ 17.97 
Portion of California Placer No. 9...... ..... 7.41 
Portion of No. 2 Atkins and Taylor Placer... 2.05 
Portion of No. 2 Atkins and Taylor Placer.... 5.59 
Jeffries Placer, one-lalf... 2... s. 50 cc csc ees 4.35 
Rh Re I oo oi as deka bs vs bs nev hes 25.74 
Se: OE MUI 2 Base Casi 06 8S vk ces 100 
Cy Pe IN Sas aie BS eee so AK Phau iw eed 10 
eis EN SUT 6 oi a eecs nes ccdetbueeixn 121.62 
RO eek MN 6 cen awn odbc e eek eee 53-42 
Nevels City cledas. . oi: sass |. ese ek cas sabace 21.42 
Weis oso Fei Pea he ok soe wa 948.27 
Grand total of acreage owned. .......... 5,498.27 
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IN GENERAL, 


The fall in elevation between Bear Valley and the lowest ter- 
minal of the water system is over 4000 feet, and in many places 
the grade drops so abruptly as to furnish power in large amount 
and of inexpensive application. Some of these drops are utilized 
for power production and bring revenue, as in the case of mines 
in Nevada City and Grass Valley, the powder works at Clipper 
Gap, and the power stations of the Central California and the Bell 
Electric Company, at Auburn. The waste of power, however, as 
the gentle slopes alternate with precipices, is enormous. 

At Cape Horn, two miles above Colfax, a drop of nearly 2000 
feet inside of one mile renders possible the development of almost 
limitless power. 

The municipal supply has already become a most important 
branch of business. Nevada City, Grass Valley, Auburn, New- 
castle, Penryn, Loomis, Rocklin and Lincoln use the South Yuba 
water; while to supply Sacramento would be possible, and it 
would not embarrass the company to supply Oakland and San 
Francisco. In Auburn and towns below it the waterworks are 
owned by the company outright. In Nevada City and Grass Val- 
ley local corporations own and run the systems, purchasing water 
from the South Yuba Company. 

The standard of measurement in the sale of water is the miners 
1. ~“h, which is the amount of water that will flow through an aper- 
ture one inch square, the center of the aperture being six inches 
below the surface of the lake or canal, roughly estimated at 17,000 
gallons per diem. The rate for purposes of irrigation is $45 per 
year per minersinch. As one inch will suffice for seven acres of 
land, the expense to the farmers is less than $7 for each acre. 
This compares very favorably with the rates of other water com- 
panies in California and the cost of irrigation in foreign countries. 
In the purchase of land on the Pacific Coast custom adds $1000 
to the price for each inch of water available for the dry season and 
attached to the property by location or right; or, in other words, 
a flow of one inch is worth to the owner the interest on $1000. It 
will be seen that the South Yuba Water Company in its charges 
estimate the interest at a low figure. 

The South Yuba Water Company is conducted under the able 
management of John Spaulding, whose unique and powerful indi- 
viduality has for many years been so identified with the company 
that many people in Placer and Nevada Counties use the term 
“Uncle John’’ and ‘‘ water company’’ as quite synonymous. 
Originally a fearless stage driver of the Sierra Nevada, and later 
a miner, observant, shrewd and fertile in resources, he is every- 
where known and loved by the people. 

His practical knowledge of the resources of the region, and of 
everythIng pertaining to either mining or water supply, coupled 
with his easy mastery of men and sterling integrity, have rendered 
his services invaluable. 


SUMMARY OF THE SOUTH YUBA WATER SYSTEM. 


Watershed, 150 square miles; storage reservoirs, 20 in number; 
distributing reservoirs, 15 in number, canals, 46, aggregating 450 
miles; horsepower available, 50,000; irrigable district, 200,000 
acres; present consumption of water, 8000 miner’s inches (136,- 
000,000 gallons daily); available average supply of watershed, 
35,000,000 inches (6,000,000,000 gallons daily). 


PART III. 
THE CENTRAL CALIFORNIA ELECTRIC COMPANY. 


The Central California Electric Company is a corporation 
which is separate from the South Yuba Water Company. It is 
incorporated under the laws of the State of New York. It has 
three generating stations which have been the outcome of gradual 
development as the growing business required. 


THE NEWCASTLE POWER HOUSE. 

The Newcastle power house, which was installed in the summer 
of 1898, issituated one and one-half miles southeast of the village 
of the same name, in Placer county, at the foot of a ‘‘drop”’ in 
the Bear River ditch of the South Yuba Water Company. The 
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station has a total output of about 1300 horsepower, the principal 
part of this load being delivered to the city of Sacramento. Since 
its establishment the station has undergone a number of changes 
in all parts, in order in most cases to increase its efficiency and 
usefulness, rather than by the addition of additional machine 
capacity. The building is of corrugated iron over a wooden 
frame, and does not differ materially from that type of building 
often seen in the surrounding country, particularly about mines. 
It is seventy feet in length by thirty feet in width, with a small 
addition containing a high-tension switch gallery and outlets for 
the line wires. Water is taken from two reservoirs fed directly 
by the Bear Riverditch. These ditches, one of which is about 
four feet higher than the other, afford a continuous supply of 
water and considerable peak load over-capacity. It was found 
necessary to build two reservoirs from the nature of the 
location, which is practically the brow of the hill forming the 
drop. In the lower of these reservoirs are two separate timber 
forebays built directly into the bank forming the front dam, the 
heavy floor joists extending out on two sides under the earth 
bank, to prevent any tendency to lift from water pressure. From 
each of these forebays is carried a twenty-four-inch sheet steel 
riveted pipe, the first section of the pipes connected to the fore- 
boy tapering from forty two inches. The thickness of metal 
runs from No. 14 at the top to No. 4 at the lowest point. The 
length from the forebays to the receiver is 6400 feet and the 
total head is 464 feet. Just before reaching the receiver the sizes 
of both pipes is reduced to eighteen inches in diameter and in 
each a castiron eighteen-inch valve is placed. From these points 
the pipes, now of a diameter of eighteen inches, as stated, run 
directly to the transverse receiver, which is twenty-two feet in 
length, with an internal diameter of twenty-three inches, and 
from it are the outlets to the two main generating sets and ex- 
citers. The water toeach main water wheel leaves the receiver at 
a point diametrically opposite to the main pipe line, thus not 
changing the direction of flow, at the same time allowing suffi- 
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THE DIVERTING DAM, TUNNEL AND GREAT FLUME 


cient capacity for cross flow, or in case one or the other pipe lines 
should be disabled or for any reason shut off. 

The water wheel sets have been recently entirely reconstructed 
for the purpose of obtaining the highest efficiency under the 
conditions presented. Originally each set contained two wheels 
in the same housing, each wheel being supplied with water from 
a deflecting nozzle. Although the wheels themselves were of 
modern design, the housings were constructed in a manner to 
prevent both proper application and discharge of the water, and, 
in order to correct this trouble, the original housings, nozzles, 
etc., were taken out, leaving only the shaft and bearings. The 
floor, both in front and in the rear of the wheel pit opening, was 
cut away, which increased the length of the discharge opening 





THE MAIN FLUME OF THE SOUTH YUBA WATER COMPANY 
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Se 


THE MAIN DITCH BEFORE REACHING THE RESERVOIR NEAR ALTA 


from five to twelve feet. One wheel, having a solid castiron 
flywheel center, was pressed on the shaft in place of the two 
wheels removed. A new housing of boiler steel and of very 
ample construction was furnished, together with the gates and 
wheels, by the Pelton Water Wheel Company. 

The buckets of these Pelton. wheels are of the well known 
radial type, giving maximum efficiency with a three-and-one-quar- 
ter-inch nezzle tip. Two nozzles supply water to the wheel, but 
here a departure is made from ordinary practice to suit a special 
condition. For twenty hours out of the twenty-four these wheels 
are required to drive the generators at about three-quarters load 
at their highest efficiency, while for the remaining four hours the 
wheel must drive the generator with an overload of 10 per cent., 
taking advantage of the reservoir storage. To meet this condi- 
tion the wheel was designed to give power for the three-quarters 
load by use of the rear nozzle only. This nozzle is provided with 
a deflecting hood for regulation. The forward nozzle is provided 
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with a six-inch Pelton gate valve, operated through bevel gearing 
through the front of the housing. The tip is provided with a cut- 
off hood by which the quantity of water may be regulated to suit 
the load. This tip is necessarily smaller than the rear tip, hence 
its efficiency is not quite as high; it is used however only at the 
time of peak load, using reserve water, so that the general all 
day efficiency is very high. The efficiency of the wheel when 
using the rear nozzle only has been ascertained from running 
tests to be as high as 80 per cent., but with the full load on it is 
slightly less. Water to the wheel is controlled by a twelve-inch 
steel stem gate valve, having a roller-bearing thrust head. 

The two main generators are 400-kilowatt, 500-volt, two-phase, 
revolving armature, two-bearing type, supplied by the Westing- 
house Electric and Manufacturing Company, as is all the elec- 
trical equipment of this station. Current from the generators is 
carried in redwood-lined conduits to the switchboard, which con- 
sists of two generator and one exciter panels, of white Vermont 
marble, and is equipped with the usual complement of ammeters, 
voltmeters, quick break switches, etc. Supplementing this switch- 
board is one supplying two 2200-volt circuits for lighting in adja- 
cent towns. In addition to the two main generators there is also 
installed one single-phase, seventy-five kilowatt alternator for 
supplying local circuits. This is, however not now in use, as 
step-up transformers, taking current from the main generators, 
are now being used in its stead. In addition there are two ex- 
citer sets each of fifteen-kilowatt, 125-volt capacity, and each 
being direct connected to a Pelton water motor. 

The Newcastle plant contains six 150-kilowatt transformers and 
one spare transformer unit of the same size. These transformers 
are in pairs and take the two-phase current at 500 volts, deliver- 
ing three-phase current at 15,000 volts. In addition to the above- 
named transformers there are also two fifty-kilowatt transformers 
taking current from the main switchboard off of one phase at 500 
volts and delivering approximately 2200 volts. Two of these 
2200-volt single-phase circuits exist, one supplying the town of 
Newcastle and the other, after being modified through a Stillwell 
regulator, is carried to the towns of Penryn, Loomis and Rocklin, 
the latter place being eight miles distant. Both the transformers 
supplying these circuits have ten-point regulating heads on the 
low tension sides. All the transformers are in corrugated iron 
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AN INTERIOR VIEW OF THE NEWCASTLE POWER HOUSE 


cases and are immersed in oil. The raising transformers are all 
supplied with fuses on the low tension side and fused cut-outs on 
the high tension side. 

The wires after leaving the transformers pass through choke 
coils from which are connected Wurtz non-arcing lightning 
arresters and thence to the high tension switches, which are ot 
the M. T. type which are too well known to need description.* 
It can however be said that for simplicity and reliability of opera- 
tion they have been found to be all that could be desired. 


THE AUBURN POWER HOUSE. 


The power house at Auburn, although not equal to the New- 
castle station in point of size, is in some respects unique. This 
power house was built especially to help the Newcastle power 
house over peak loads, and it was designed with the idea of pos- 
sessing the utmost simplicity and ease of operation. It was prob- 
ably the first to adopt the scheme of arrangement. to accomplish 
the end in view, and has since been used as an example for many 
much larger installations. 

The Auburn power house is situated about one mile northeast 
of Auburn, the county seat of Placer County, and is about one 
hundred yards from the main line of the Central Pacific Rail- 
road, at a point where the Bear River ditch has a drop of 206 feet. 
At the top of the hill above the power house the company has 
erected a reservoir, in the bank or dam of which is constructed 
the forebay, which is similar to those at the head of the pipe line 
at Newcastle. From the reservoir to the power house, a distance 
of 3300 feet, is a thirty-inch sheet-steel pipe line, the thickness of 
metal running from No. 12 at the top to No. 6 at the power house 
end. One of the requirements at this point is that the flow of 
water through the pipe line shall be continuous. In order that 
this flow may be maintained, and at the same time not passe«l 
through the water wheels when the machine is not running, a dis- 
charge at the rear of the power house into the ravine has been 
arranged. For some time it was attempted to run this water 
through a twelve-inch gate and a small section of pipe, but this, 
in order that the proper amount of water should be discharged, «id 
not permit of a full opening of the gate valve. So much annoy- 
ance was caused by the cutting of the gate valve and pipe from 
fine grit in the water that a new ten-inch gate valve was put in 
position and a ten-inch pipe run to the edge of the ravine, and at 
the end of this pipe there was placed a nozzle of approximately 
seven inches in diameter. In order that this nozzle would not act 
as a ‘‘giant’’ and wash out the opposite bank and county road 
which passes at that point, a sheet steel hood was devised which 
spreads the water evenly at all points in a half circle. This 
arrangement, which has been in use over a year, is eminently 


* See THE JOURNAL, Volume XI, pages 117 and 176, June and July, tgo1, re 
spectively.—_THE EpITor. 
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successful. This station has but one main generating set, which, 
like all the apparatus of the company, is direct connected. 

The building is of corrugated iron over a wood frame similar 
in construction to the Newcastle station, and is provided with a 
ten-ton traveling crane of the composite type. The main gener- 
ating set is placed at the front side of the building across the end, 
the generator being on a floor of its own about five feet lower 
than the main station floor, thus enabling the bringing in of the 
water feeders and the cable conduits under the floor. The 
arrangement of this station is such that one operator may stand 
nearly in front of the switchboard and have access to the control 
of exciter, main wheels and switchboard. 

The water wheels were furnished by the Pelton Water Wheel 
Company, the main set consisting of two wheels each forty-five 
inches in diameter, and each wheel being provided with two 
nozzles. The buckets are of the bow-head, radial type, and when 
proper care is exercised in providing for the inlet and discharge 
of water they have been found to be highly efficient. 
is controlled by two twelve-inch Pelton gate valves. 

The generator is direct connected through a flexible, link- 
leather, flywheel coupling, furnished also by the Pelton com- 
pany. The flywheel is six feet in diameter and weighs 6000 
pounds. The generator is of the standard Westinghouse type, 
with two bearings and a revolving armature, delivering two-phase 
current at 550 volts. The speed is 300 revolutions per minute. 
The switchboard consists of one panel of white marble. Two 
additional panels, similar to the first one, are about to be added 
to control local distribution. The transformers are in pairs, there 
being four altogether, as well as one spare unit. They are 125- 
kilowatt capacity each and deliver three-phase current at either 
15,000 or 16,000 volts according to the manner of connection on 
the primary side. In addition to the main transformers are two 
seventy-five-kilowatt transformers raising from 500 volts to 2400 
volts. These supply two-phase current for local distribution in 
the city of Auburn. There are also two fifty-kilowatt transformers 
supplying a mine circuit with two-phase current at 2400 volts. 
The current, after passing through choke coils and lightning 
arresters, which are of the same type as those in use at Newcastle, 
is delivered to the ‘‘switch house,’’ which will be described later. 
The exciter set is on the left of the building on the main floor and 
consists of one 7.5-kilowatt, 125-volt, Westinghouse multipolar 
dynamo, driven by a double ten-inch Pelton motor. The opera- 
tion of ‘the station is extremely simple and runs of over two 
months have been made without shutting down or stopping the 
machines, 


The water 


THE ALTA STATION. 


Work was first commenced on the plans for the Alta power 
house, more properly known as the “‘ Little Bear River Power 
House,’’ December, 1901. Above the town of Alta the South 
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Yuba Water Company’s main Placer County ditch turns out of 
Bear River Canyon, skirting around several broken gulches, 
passing an old abandoned reservoir site and finally plunging 
down through eight chute flumes from an elevation of 4200 feet 
to the village of Alta, making a descent of 680 feet in a little 
over amile. It was found by using the abandoned reservoir and 
running a pipe down to Little Bear River Canyon, which is a 
tributary of the Bear River, a point about three-fourths of a mile 
north of Alta could be utilized, thereby getting the benefit of a 
large reservoir at the top of the pipe and an effective head of 660 
feet at the power house, and leaving eight feet additional drop to 
bring the water back into the original canal through about three- 
fourths of a mile of ditch which had to be constructed. At the 
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they were mere cracks. Rocks and clay were placed on the 
bottom, on top of these were laid planks and the fissures were 
filled with good clayey loam and puddled in, After every fissure 
was so treated a trench six feet deep was thrown across the reser- 
voir at the extreme lower end; men with shovels and tamps dug 
away the front wall of the trench, depositing clean dirt against 
the back wall, wetting and tamping it. This operation was car- 
ried throughout the length of the reservoir, about 900 feet, so 
that upon completion the reservation bottom was like a floor and 
perfectly water-tight. The old dam has been utilized, but has 
been strengthened and raised. The forebay. is of timber, fifty 
feet long and twenty-five feet in width, and isso arranged that 
should,the reservoir develop a serious, leak water from the ditch 
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THE SWITCHBOARD AT THE NEWCASTLE POWER HOUSE, THE SACRAMENTO PANELS OCCUPYING THE RIGHT HALF 


same time this plan made a much shorter pipe line than could be 
had by following the old route of the water. 

The reservoir was one built in 18€3 to furnish water for the 
hydraulic mining in the district, but after its completion it was 
found to leak badly and was abandoned. At this point the geo- 
logical formation of the country is very much broken up, several 
entirely different strata cropping out in the near vicinity and 
much volcanic formation is in evidence. The bottom of the 
reservoir, which is a volcanic concrete, evidently slid at some 
remote time in a northerly direction, causing large fissures which 
had become filled with fine light earth resembling ashes, It was 
also found that the loam on the surface was full of the rotten 
trunks of dead,trees. Water turned into the reservoir seemed to 
disappear immediately following the dead trunks into the fissures. 
These fissures were systematically dug out down to a point where 


can be turned directly into it. The capacity of the reservoir 
when filled, as at present constructed, is about 1200 twenty-four- 
hour miners inches, or 2,160,000 cubic feet. Gratings made of 
one-and-one-half-inch by one-and-one-half inch lumber, placed 
one-half-inch apart, are on three sides of the box, but extend 
downward to a level of the top of the pipes only, except at one 
place on the front side. The foundation frame is of eight by ten 
timbers thoroughly puddled. The bottom is of two-inch planks, 
and, except through the middle to provide for the proper flow of 
water, is covered two feet deep with cobblestones to prevent any 
possible tendency to lift from buoyancy. On the rear side of the 
forebay the two pipe lines enter. These are covered with castiron 
levy or sluice gates fifty-four inches in diameter, and operated 
through a steel screw stem by a lever ratchet in a shanty on the 
top of the forebay. Both pipes pass through the dam, tapering 
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gradually to thirty-eight inches. At the present time but one 
pipe line is completed, preparations, however, having been made 
so that the second pipe may be connected without interruption or 
interference with the present pipe. 

The pipe line is 5380 feet in length and is of special high-grade 
Carnegie flange steel. It is throughout hot hydraulic riveted, 
the rivets at the section joints being driven with an automatic 
riveter driven by compressed air. The pipe in thickness runs 
from No. 8 to No. oooand is for two-thirds of its distance thirty- 
eight inches in diameter, the remainder being thirty-six inches. 
The top of the pipe is buried the entire distance at least one foot 
underground. [he pipe is terminated at its lower end by a thirty- 
seven-inch outside screw gate valve. This gate was tested to 600 
pounds, and is one of the largest high-pressure gates in existence, 
its weight being 24,000 pounds, 

After passing the gate valve the water is carried through a 
thirty-six-inch pipe, No. ooo gage in thickness, across the canyon 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


69 


the metal and coring a three-inch verticle hole, which is after- 
ward filled with a three-inch steel bolt, sunk in. The thirty-six- 
inch pipe is terminated by a cast-steel flange which is bolted to 
one branch of the casting. The other branch is at present fitted 
with a castiron head. To the large end of the Y casting is bolted 
a forty-eight-inch cast-steel flange, which isin turn riveted on the 
sheet-steel receiver. 

The receiver, when complete, will have a total length of r1o 
feet and will have outlets for four machines and two exciters, 
and have a total carrying capacity, with the same velocity of 
water as in the main pipes, of 8000 horsepower. The receiver is 
placed parallel to and in the rear of the power house, being on 
the same horizontal elevation as the thirty-seven-inch gate valve, 
and its center is six feet above the floor of the power house. Its 
elevation was determined by the necessity of crossing the canyon 
and also to make the minimum amount of excavation possible. 
At the Y end the receiver is forty-eight inches inside diameter, 
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on a concrete arch to the receiver. The receiver is headed by a 
castiron Y casting which had been provided to receive the second 
pipe line when it should have been constructed. 

This Y branch is made of a special mixture of castiron having 
a tensile strength of about 30,000 pounds. It was constructed by 
the George E. Dow Pumping Engine Company, of San Francisco, 
from plans furnished and designed by the company, and is unique 
in the fact that it is the largest and heaviest piece of work of its 
kind to operate under so great a head. The total weight is 26,000 
pounds. The Y branch is in three parts, the main or larger end part 
and two similar elbows. The body of the large part terminates in 
a sphere and the flanges on the elbow bolt directly to flanges cast 
aaound the elbow openings on the face of the spherical surface. 
By this method flat places so objectionable iu this kind of work 
are obviated. The pressure on the upper and lower surfaces of 
the main tend however to rupture the narrow section between the 
two elbow outlets. This is compensated for by the thickening of 


and curving from a line parallel to the line of the pipe through 
thirty-three degrees to a line parallel to the building, continues 
this size until beyond the outlets for the two first main water 
wheels. Beyond this point it reduces in size to three feet, and at 
present extends only about one-half the length of the building. 
The material of the large section is five-eighths-inch flange steel , 
with double riveted strap joints on the round seams and triple 
riveted on the straight seams. In making the turn the straps are 
tapered rather than the main pipe, as is ordinarily the custom. 
The three-foot section is of one-half-inch flange steel put together 
in a similar manner to the first named and terminated by a cast- 
steel flange, to which is bolted a castiron head of elliptical cross 
section. From this point the receiver will be continued as the 
addition of generating machinery may require. The flange 
joints are all made male and female and have rubber gaskets only 
between them. The receiver is set and braced in concrete. The 
water wheel outlets consist of two openings forty-five degrees 
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from the lowest point of the receiver; these are thirty inches in 
diameter and arouud them is bolted a chock tapering from thirty 
inches to twenty-fourinche:, Thischock is made of three-eighths- 
inch flange steel, the flange having been hammered out of the 
solid material. From this point a five-sixteenths-inch thick 
riveted pipe extends with an easy curve to the hydraulic wheel 
gates. These gates are close to the rear of the building on the 
outside, the center of their opening being seventeen inches below 
the main floor level. The pipeis bolted to these through castiron 
flanges fitted with sheet lead gaskets. 

Near the present end of the receiver is an eight-inch opening 
fitted with a steel ange. From this throngh T connectors and 
reducers run two lines of extra heavy six-inch iron pipe for the 
exciter water wheels. Each of these pipes are fitted with an 
extra heavy outside screw stem six-inch gate valve, to be used 
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lowing reasons: Good foundation was not certain on the south 
side, and the pitch of ground was greater than the other side, 
necessitating more excavating. For eight months in the year 
the power house would have received little or no sunlight. In 
order to determine the exact place where concrete filling and 
excavation would be a minimum, several trenches were dug to 
bedrock. After this point was determined a small flume with 
sluice openings was built, taking water out of the canyon, and 
several weeks’ work was done in about eighteen hours, removing 
the surface loam and drift and leaving the bedrock clean to begin 
foundation work, after the manner illustrated on the opposite 
page. It was found necessary to excavate about 4000 cubic yards 
of the serpentine bedrock. 

The foundations of the power house are three feet thick and 
composed mostly of broken boulders left by the sluicing process. 





INTERIOR OF THE AUBURN STATION SHOWING THE LOCATION OF THE RAISING TRANSFORMER IN THE BACKGROUND 


only in case of accident to the wheel gate valves inside the power 
house. 

The pipe line and receiver were built and laid by The Schaw- 
Batcher Company of Sacramento, the work throughout being hot 
hydraulic riveted. Owing to the unusual shape of the receiver 
extreme care, great accuracy and the very highest class of 
boiler work was called for. That these trying conditions were 
well fulfilled was shown when the water was turnedin. From 
the time the pressure was on the entire leakage of the pipe line 
and receiver was inappreciable, and would probably not have 
filled an ordinary water pail. 

The power house is situated on the north side of the canyon 
and runs approximately east and west. It would be natural! to 
suppose that the power house should be placed on the same side 
of the canyon down which the pipe line ran. This point, after 
very serious consideration, was finally decided upon for the fol- 


The machine foundations are of solid concrete directly on bed- 
rock, 

The building proper is of basalt with Rocklin granite corners 
and jambs, and is 111 feet in length by thirty feet in width inside. 
The front and rear walls are two feet thick and the end walls are 
twenty inches thick. In the center at the rear side of the build- 
ing is a small addition, twelve by twenty-two feet, containing 
high tension switches and lightning arresters. At the outset a 
stone building was almost given up as not feasible, as the bedrock 
is entirely serpentine and totally unfit for building; there is, 
furthermore, no sand in thecountry nearby. It was almost purely 
by accident that a small pocket of basalt was discovered about 
200 feet from the power house site. This was used in the walls 
and for making concrete, and completely pinched out just as the 
work was finished. Sand was shipped by rail from Roseville 
Junction. Ata point four feet below the top edge of the wall is 
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THE DEFLECTING HOOD OF THE AUBURN POWER HOUSE 


a ten-inch offset which reduces the thickness to fourteen inches. 
On this offset is bolted six by ten sugar pine timbers and to them 
is bolted the length of the building a line of forty-pound steel 
rails on which runs a traveling crane. 
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connected together through clutches. Water for the wheels, after 
passing the hydraulic gate valves, passes through a twenty-two- 
inch hydraulic riveted sheet steel pipe and is bolted to a castiron 
“by-pass” nozzle. This is set on a block of concrete in the tail- 
race and its casting bolts to the underside of the wheel frame, the 
top surface of which is level with the station floor. The water 
passes up through the floor opening through a castiron quarter 
turn, thence through the housing into the chute case, both 
quarter turn and chute case meeting at the housing and being 
bolted to it. The housing is of castiron, divided longitudinally, 
and bolted to the foundation plate. The chute case, at first 
glance, seems of very complicated construction, and although 
the greatest mechanical precision must be observed in its manu- 
facture, it is, in reality, extremely simple. On the bottom of the 
chute case, and bolted to it, is the cast-steel segment, containing 
the chutes or ports delivering the water to the wheel. These 
openings are eight in number, and on their position and shape de- 
pend largely the successful operation of the wheel. The gate, 
whose under surface slides over the chute openings, cutting off 


‘the water from any or all of them, has its center around a steel 


sleeve. This sleeve is hollow to allow the shaft to freely pass 
through the chute case. On the upper side of the gate casting, 
above its pivotal point, is a cast-steel rack which engages with a 
steel pinion. The shaft of this pinion passes through a stuffing 
gland and then through the wheel housing and is terminated by 
a spur gear. 

The runner is of bronze of high tensile strength, and is from 





A PANORAMIC VIEW OF THE PROCESS OF SLUCING OFF THE SURFACE OF THE SITE ‘OF THE ALTA POWER HOUSE PREPARATORY TO EXCAVATION 


This crane, supplied by the Cyclops Iron Works of San Fran- 
cisco, has a capacity of ten tons. Both traveler and crab are 
worked by hand through chains and gearing. The crab supports 
a ten-ton Yale & Towne triplex block. 

The roof, which is of No. 24 galvanized iron, fastened to three 
inch Z bar purlins by iron hooks, and afterwards riveted to- 
gether, is supported on six Fink trusses which rest on the side 
walls. A six-room cottage near the power plant provides comfort- 
able quarters for the men in charge of the plant. 

The hydraulic equipment of the Alta power house at present 
consists of two main generating sets and two exciter sets. The 
station is, however, built for four main generating sets, which will 
be installed probably during the coming year. 

The main water wheels, which are ‘‘Victor’’ high head turbines, 
are of the Girard type, very well known in high head European 
practice but heretofore not generally in use in this country. 
These water wheels were built by the Stilwell-Bierce and Smith- 
Vaile Company of Dayton, Ohio, after plans supplied by this com- 
pany, and were designed by Mr. Arthur Geisler and Mr. E. G. De 
Wald, chief and assistant engineers of the above named water 
wheel builders. The wheels were designed for a maximum output 
of 1700 horsepower each, assuming 80 per cent. efficiency. In 
actual running they are delivering 1850 horsepower to the gener- 
ators, indicating an efficiency considerably over 80 per cent. The 
wheel and generator are arranged in right and left hand pairs, 
which was done for the twofold purpose of bringing the water 
wheels together and enabling the ends of the shaffs to be 


the foundryman’s point of view a triumph of molding and cast- 
ing. The buckets are cast solid with the rim. Their inside edge 
is somewhat wider than the chute opening, while the outside 
edge is flared to nearly double the width of the former. In this 
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THE SITE OF THE ALTA POWER HOUSE AFTER CLEARING 


forra of app.ication, although there is a turning of the stream 
similar in theory to the impulse wheel, the bucket, unlike the 
latter, practically does not change its position in reference to 
the stream and the discharge is on the circumference where there 
can be no interference from following buckets. A clearance of 
three-sixteenth inch is allowed between the chutes and runner to 
allow air to pass in and out through the runner. This is a very 
essential point and also has considerable to do with the ulimate 
effeciency of the wheel. The discharge from the wheel is re- 
markably free from force. The runner is bolted to a steel spider 
which is in turn bolted to the coupling on the generator shaft. 
By this method, extra water wheel bearings are eliminated. In 
order, however, to make connection to the other unit, a six inch 
steel shaft with solid forged flange is bolted to the spider. This 
shaft is supported in a generator type bearing which is in turn 
supported on the quarter turn inlet pipe. The wheel gate is reg- 
ulated by a Lombard type “‘L”’ governor. Over the nozzle cast- 
ing in the tail race is a hood also regulated by the governor. 
This is arranged so that when the gate closes, the hood lifts, al- 
lowing water to discharge into the canyon, thus maintaining a 
constant flow whether machine is running or not. Aside from 
the generator hum, the set makes very little noise, as the water 
wheel is practically noiseless. 

The hydraulic gates, which are placed outside the building, 
have a twenty-two inch opening, and are raised aud lowered by 
water taken from the receiver at full pressure. The stem is steel, 
brass lined. The piston has brass packing rings, and is sixteen 
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inches in diameter. This large diameter admits of absolute con- 
trol and extremely slow movement. Two inch extra heavy hy- 
draulic pipes connect with a four-way valve set directly behind the 
water wheel in the power house which controls the gate. A small 
nozzle, three-sixteenths of an inch in diameter, on the discharge 
opening from the four-way valve, controls the speed of movement 
of the gate, which must be necessarily slow to prevent water 
hammer in closing. On the inside rear wall of the power house, 
are two brass pointers four feet in length, each moving through 
ninety degrees. These are connected by a shaft and levers to 
their respective gates, indicating their exact position. As a 
further precaution, three four-inch Pelton balanced relief valves 
are placed on the pipe line where it crosses the canyon. 

The water wheels driviug the exciters are without bearings, be- 
ing applied directly to the pully end of the dynamos; they were 
built by the Pelton Water Wheel Company, and are twenty-six 
inches in diameter. They are controlled with cut-off hoods. 

The two main generators were, as is the entire electrical equip- 
ment, supplied by the Westinghouse Electric and Manufacturing 
Company. They are r1000-kilowatt, revolving field, under-hung 
two-bearing type. They run at 4oo revolutions per minute and 
deliver three phase current at 500 volts. The leads from the gen- 
erators consist of two 500,000 circular mils rubber covered cables, 
over which is slipped American Circular Loom Conduit. They 





A DISTANT VIEW OF THE SLUICING AT ALTA 


run under the cement floor in glazed tile pipe. A conduit, four 
feet in width, and from three to five feet in depth, is built at the 
back side of the main floor and parallel to the rear wall. This 
acts as a drain for oil from the transformers or any water in the 
station and also is used as a subway for all the generator aud 
transformer cables. This is spanned by four-inch steel I beams 
on which rest the raising transformers. 

The switchboard consists of two generators and one exciter 
parel of white Vermount marble. Each generator panel has two 
sets of main switches, each controlling a set of busbars, three long 
scale ammeters, one volt meter, one polyphase wattmeter, and 
one field direct current ammeter. The exciter panel has, besides 
the volt and ammeter, main and equalizing switches, an auto- 
starter switch for a fifty horsepower induction motor. 

There are seven raising transformers, one being a spare. They 
are 375 kilowatts capacity each, and wound for 500 volts primary 
and 16,000 volts secondary with coils in multiple, and 32,000 volts 
with coils in series. These transformers are of the oil im- 
mersed, air cooling, type, and are immersed in a heavy trans- 
former oil. 

The high tension leads are carried against the rear wall on No. 1 
Provo glass insulators to the recess at the rear of the building. 
Here each circuit passes through a choke coil constructed by the 
company, and after connecting to new type Wurtz non-arcing 
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THE PLACER COUNTY POLE LINE. 


From the power house, two pole lines which are similar, except in the 
size of wire and style of insulators, are run parallel with each other to the 
town of Dutch Flat. At that point they diverge, and the most northerly 
of the lines runs directly to a point midway between the cities of Nevada 
City and Grass Valley, while the other line runs nearly in a straight line to 
the power station at Auburn. 

The poles are all thirty-five-foot, Washington fir, and are set in the 
ground five and one-half feet without treatment,—being proposed the 
coming summer to bore into the center and give fhem three fillings of 
carbolinium. The tops are painted with black perservative to a point 
below the power arms. Each pole carries two power arms and one tele- 
phone arm, all cross arms being of the best Oregon pine. The power arms 
are respectively six feet, and eight feet six inches in length and three and 
three-fourths inches by five and three-fourths inches in size, making of the 
circuits two triangles, thirty inches between centers. The arms are boiled 
in linseed oil. The telephone arm is thirty inches over all, and carries two 
No. 12 galvanized iron wires on pony insulators and locust pins. The 
power line pins are ten and one-half inches long, of Santa Cruz eucalyptus, 
and are boiled in paraffine. 

The insulators on the Sacramento line are of the Provo type No. 1, and 
the line is built with the understanding that 32,000 volts will be the ulti- 
mate potential to be used. The insulators on the Nevada County line are 
Provo type No. 2. Both circuits on the Sacramento line are of No. 6 
medium hard drawn copper wire, while on the other line one circuit is of 
No. 6 and the other circuit is of No. 3 medium hard drawn copper. The 
Nevada line is equipped with strap iron braces on one side of the line only. 
Both lines are transposed twice, while the telephone lines are transposed 
every five poles. Stombaugh guy anchors are used for guying wherever 
the ground is of such character as will permit. The poles are approxi- 
THE PIPE LINE FROM THE ALTA POWER HOUSE DURING CONSTRUCTION mately 125 feet apart. Both lines traverse exceedingly rough country and 

in several cases cross steep canyons as ‘“‘spaus.’’ Special fixtures were 
lightning arresters, mounted on _white marble panels, built on either side of the span to accomodate the increased strain, 
pass to Westinghouse 40,000 volt fused switches, which are which in all cases is not only due to the weight of copper but to 
also mounted on white marble slabs. From these switches four snow and wind pressure. George W. Deitz, the veteran pole line 
circuits, two to each pole line, pass through glazed tile pipe twelve builder, did the actual work of construction under contract, 
inches in diameter, fitted on the outer edge with glass windows, the which resulted in line work of the highest class. 
wire passing through the center. All the wood .work on which the At the Auburn station, a high tension switch-house has 
lightning arresters and high tension switches are mounted, is first painted 
with Child's fireproof compound, it is then completely covered with sheet 
asbestos one-sixteenth of an inch thick, this in turn is painted with M. I. C. 
compound. All wiring is rubber covered over which is slipped Circular 
Loom Conduit. 

There are two exciters, each forty-five-kilowatt, four-pole, 125-volt, and 
each supplied with its own water wheel. These, like the larger machines, 
are right and left, the water wheels being, however, on the ends instead of 
between the generators. Between both exciters is a fifty horsepower, 
500-volt induction motor. This can be connected to one or both exciters by 
clutches. This motor is to prevent the possible failure of exciter current 
through the plugging up of a water wheel tip, thus shutting off the water 
supply. Excess of power from the water wheel delivered to the. exciter 
will be taken up by the motor and returned to the busbars. 

This scheme seems to have obviated one of the greatest evils, namely, 
failure of exciter current, that has presented itself in the practical opera- 
tion of a transmission power station. The system of arrangement of this 
station places the switchboard where it can be seen from all points; it gives 
the operator all the room required for comfort where it is needed and 
places the apparatus conveniently near to operate all within a minimum 
space, without crowding. At the present time, the west end of the power 
house is unfinished, but when extended this addition will be a duplicate of 
the present installation with the possible exception that one unit will be of 
increased output. 

Directly opposite the tail-race openings, a tunnel has been driven into 
the bedrock for a distance of about twenty-five feet. This is to receive and 
break the stream discharging from the by-pass nozzles. The water, after 
leaving the tail-race, is carried about 200 feet down the canyon, where a 
rock fill dam has been constructed. At one end of this dam is a Francis 
weir through which the water passes, whence it passes by a masonry ease- 
ment into the ditch. This ditch carries the water about three-fourths of a 
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THE Y-BRANCH HEADING FOR THE FORTY-EIGHT-INCH RECEIVER 


been constructed of corrugateu sron, wherein Westinghouse fused 
40,000-volt switches are being used. All the woodwork is fire- 
proofed in the same manner as is done in the new station. 

From the Auburn power house, the line consists, at present, of 
but one circuit of No. 4 wire, one wire being on a pin set into the 
top of the pole while the other two are on arms. The insulators 
used are Locke glass. A second circuit will shortly be run on 
these poles, which are of the thirty-foot square sawn redwood 
variety. From this station two local two-phase circuits at 2400 
volts run, One which will supply light and power for the city of 
Auburn, and the other, a three-wire circuit, supplying power to a 
nearby group of mines. From Newcastle to Sacramento there are 
two circuits of No. 4 medium hard drawn copper wire, one of which 
is arranged with one wire at the top of the pole strung on Provo 
type No. 2 insulators, while the other two wires are on an arm and 
supported by Locke porcelain insulators. The second circuit is 


on one side of the pole on two arms and is strung on Locke glass” 


insulators. The poles carrying this circuit are of Washington 
fir, forty feet long. From Newcastle to Sacramento the upper 
circuit is transposed every mile, or twenty-six times, while the 
lower one is transposed only twice. This part of the line will be 
balanced up in the near future and arranged for a 32,000-voli 
transmission. 

From the Newcastle power house two local circuits are run, one 
being of No. 4 wire and the other one being No. 8. The former 
circuit runs to Rocklin and supplies Loomis and Penryn, while 





A CONSTRUCTION VIEW AT ALTA, SHOWING THE “VICTOR” RUNNER IN THE 
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the latter runs direct to Newcastle. From these lines lightiag 
and power for Wagner single phase motors is supplied. 

The telephone line throughout is of No. 12 iron wire, and not- 
withstanding the several arrangements of the transmission wires, 
is at all times perfectly quiet. 


THE DISTRIBUTING STATIONS. 


There are three points from which power is distributed, not 
couuting the local distribution from the Newcastle power house, 
namely, the town of Colfax, a 2500-volt distribution from the 
Auburn power house to a group of mines near Bowman, the city 
of Auburn, and finally the main point of distribution, known as 
the Sacramento substation. 

For the town of Colfax, one thirty-seven and one-half kilowatt 
single-phase transformer is at present being installed, and the 
secondary distribution from it will be run at 2200 volts. When 
the main line voltage shall have been raised, two more similar 
transformers will be added, and the three will then be connected 
in star on the transmission line. A small corrugated iron build- 
ing, coutaining a set of Wurtz non-arcing lightning arresters, and 
aone panel switchboard with measuring instruments, is being 





THE ALTA POWER HOUSE DURING CONSTRUCTION 


constructed for this substation. The transformers are provided 
with ten taps on the secondary side for regulation through a dia! 
switch. 

At the Auburn station, two phase current at 550 volts is taken 
directly from the main busbars. This is passed into two fifty kilo- 
watt raising transformers, having a ratio of four and one-half 
to one. From this point, a three wire, two phase circuit of No. 6 
bare wire is carried two and one-half miles to supply hoists and 
compressors with power through two-phase induction motors. 
This system was used primarily because phasing transformers 
were not procurable in the time necessary to install and meet the 
contract requirements. Secondly the increase in voltage between 
the outside wires is of no serious objection on this line, which is 
on the main transmission line two-thirds of its distance trom the 
source of supply. It is proposed in the near future to tap into 
the main transmission lines at several points in a manner similar 
to the arrangement at Colfax. 

The substation at Sacramento is situated so as to form a very 
good center of distribution to all parts of the city. The building 
is a one-story structure substantially built of brick and so de- 
signed that a second story may be added. This will be done the 
coming spring. The wires of both circuits enter the rear gable 
of the building and current passes directly through a set of nine 
single-pole, single-throw, Masson-Taylor fused switches, three be- 
ing. in each circuit”and three in a connecting circuit. After 
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CHUTE AND GATE CASE OF THE VICTOR HIGH PRESSURE TURBINE 


passing two sets of Wurtz non-arching lightining anesters, the two 
circuits are run each to a bank of lowering transformers. 

In the Sacramento substation there are fourteen 75-kilowatt 
and three 300-kilowatt lowering transformers arranged in pairs, 
and used for converting the three-phase current at 13,000 volts to 
two-phase current at 2500 volts. In addition there are two 75- 
kilowatt transformers stepping down to 200 volts for supplying 
station motors. To this equipment will be added in the near 
future three additional 300-kilowatt transformers. At present all 
the transformers are connected in the Scott two-three-phase 
system.* It is proposed at the time when the main line voltage 
is raised to connect the transformers,in threes, the primaries be- 
ing connected in star and the secondaries in delta, in which event 
the primaries will receive across their terminals 14,808 volts and 
the outer terminals complete secondary windings will deliver 
2886 volts. From these secondaries will be taken two-phase 
current at.2500 volts. This value is obtained by connecting one 
phase to the common point of transformers A and # and the 
middle point of transformer C; the other phase will be connected 
to an 87 per cent. point of transformer 4 and 2. This system, al- 
though not without disadvantages, was decided to be the only 
one available under the conditions presented. The transformers 
are all provided with fused cut-outs on both the primary and sec- 
ondary sides. On the primary side a copper wire fuse sixteen 
inches long is used,the position of wire and holder being about 
thirty degrees from the vertical. The secondary side has a quick 
break single-pole switch and aluminum fuse. In case of short 


*See THE JOURNAL volume V, page 130, April 1898.—THEe Eprror. 
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circuit in the transformer both fuses blow successfully, automa- 
tically cutting the transformer out of circuit. 

The switchboard of the Sacramento substation consists of five 
panels of white Vermont marble, which are each equipped with 
two ammeters, one voltmeter, four lignum vite expulsion fuse 
blocks and two double throw, double pole switches. Al! switches, 
with the exception of those on the fifth panel, which was re- 
cently installed, are of the vacuum break type. A new panel 
which has been added is equipped, however, with oil immersed 
switches supplied by the General Electric Company. It is the pur- 
pose of the company to substitute the oil-type switch for all the 
older switches in the near future. 

Two single phase circuits are run from each penel. In arrang- 
ing the connections to the switches a departure from common 
practice is made, in that with both switches thrown to the left, 
the upper circuit is connected to phase 4 and the lower one to 
phase 2. If, however, both switches are thrown together to the 
right side, the upper circuit is connected to phase A and the 
lower one to phase 4. By this method the phases can be bal- 
anced while full load is on, the change-over being almost instan- 
taneous and the phase relations remaining the same. Induction 
motors can be run on these two-phase circuits without danger of 
reversing. 

There are also in this station three Westinghouse, sixty-light, 





ANOTHER VIEW OF THE VICTOR HIGH PRESSURE TURBINE 


9.6-ampere, direct current, constant current arc dynamos, each 
driven by a Westinghouse induction motor, through flexible link 
leather couplings. 


THE SACRAMENTO DISTRIBUTION. 


In arranging the distributing circuits in the city of Sacramento 
each pair of single phase feeders handles a certain kind of service 
in a particular district, that is, in the commercial, residence or 
power district, etc. The feeders are carried north and south 
across the city and lateral mains run east and west, utilizing the 
alleys between streets. As all the streets and alleys are straight 
and the city blocks are all similar, a very regular system has re- 
sulted. In most cases the phases fed to the two-wire mains, in 
the alleys, alternate so that a remote power customer may be 
supplied with polyphase power, a short line to the next nearest 
alley being only needed. By this method the necessity of string- 
ing four wires in every alley is prevented. 

The company has aimed to give its customers the very highest 
class of service and has been fortunate in its freedom from inter- 
ruptions, for, setting aside the interruptions to service from pur- 
posely turning off current in the day time only for a prearranged 
purpose, such as cleaning switchboard and other apparatus on a 
Sunday, or making changes in station wiring, the commercial 
service has had no interruption or failure since the night of 
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THE VICTOR HIGH PRESSURE TURBINE USED IN THE ALTA POWER HOUSE OF THE CALIFORNIA CENTRAL ELECTRIC COMPANY 


March 26, 1899. At this time current was off for six hours, from 
6 p. m. until midnight, and the interruption was caused by the 
damming up of the main ditch several miles above the Auburn 
power house with seven cars of coal dumped from a Central 
Pacific train which was wrecked at a point where the ditch is very 
near to the track. All commercial customers were notified six 
hours before the power was shut off and a notice to that effect was 
inserted in the local evening daily. 

Power is delivered to customers by the ordinary means of trans- 
former distribution. There are 430 distributing transformers 
within the city, ranging in size from one kilowatt to twenty-five 
kilowatts. The lamp voltage which has been generally adopted 
in the city is 115. Power and light are sold on both meter and 


flat rates, the latter however being the most generally used for 
the reason that the necessarily constant but limited flow of water 
in the system makes a flat rate system particularly suitable. The 
business of the company has had a healthy growth since its be- 
ginning in the spring of 1897, and at all times the plant has been 


- crowded to its fullest capacity. 


Among the firms not already mentioned as supplying material 
for the new installation, those most prominent were, the George 
Db. Gray Company, which supplied the cross-arms, the Lindsley 
Brothers Company of Portland, Or., which furnished the poles, the 
California Electrical Works, agents for Stombaugh guy anchors, 
the John A. Roeblings Sons Company, line wire, and the Charles 
F. Sloane Company, which furnished all insulators and cables. 





SHOWING A LOMBARD GOVERNOR AND A RUNNER IN PLACE FOR THE SECOND 
VICTOR HIGH PRESSURE TURBINE AT ALTA 


A VICTOR HIGH PRESSURE TURBINE DRIVES THE 1000-KILOWATT 
WESTINGHOUSE GENERATORS AT ALTA 
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THE EXCITER SECTION IN THE ALTA POWER HOUSE THE SWITCHBOARD AND TWO 375-KILOWATT TRANSFORMERS AT ALTA 





THE DIVERTING DAM AND RECLAIMING DITCH AT ALTA THIS FIXTURE SUPPORTS THE SPAN IN THE SACRAMENTO LINE NEAR GOLD RUN 
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ENGINEERING DATA OF LITTLE BEAR POWER STATION, AT ALTA, CAL. 


WATER SYSTEM. 


South Yuba Water Company’s main Pla- 
cer County Canal. 

Amount of Water (at present): 3500 cubic 
feet per minute. 

Reservoir Capacity: 


PIPE LINE. 


Length: 5380 feet. 

Diameter: 38 inches for 3480 feet, 36 in- 
ches for 1900 feet. 

Material: Steel varying in thickness 
from No. 8 to No. ooo standard gage. 

Riveted: All hot hydraulic riveted. 


Head: Static head 660 feet, full load 
working head 630 feet. 


HYDRAULIC EQUIPMENT. 


Kind of Wheels: ‘Victor high pressure 
turbines’, Girard type. 

Number of main wheels: Four (upon 
completion), two (at present). 

Number of exciter wheels: Two, Pelton 
tangential, 26 inches diameter. 

Diameter of wheels: 55 inches. 

Number of nozzles: 8 

Regulation: Lombard type ‘‘L”’ gov- 
ernors. 

Wheel housings: Cast iron, 


Induction motor: Connected to both ex- 
citers by jaw clutches, 50 horsepower. 
Switch Board: Standard new type West- 
inghouse, equipped with long scale in- 
struments and knife switches. 

Transformers: 375 kilowatt oil immersed, 
air cooled. 

No. of Transformers: 7, one being a spare. 

Oil for Transformers: ‘‘Valvoline Heavy 
Magnet Transformer Oil.” 

Transformer Potentials: 500 volt prim- 
aries, 16,000-32,000 volt sec. 

Lightning Arresters: Wurtz non-arcing. 

Choke Coils: Central California Electric 
Coimpany’s type Ar. 





THE MAIN TRANSMISSION POLE LINE TO SACRAMENTO, ONE AND ONE-HALF MILES FROM THE NEWCASTLE POWER HOUSE 


Main Gate: 37 inches diameter opening, 


outside steel screw stem (weight 24,000 
pounds. 


Air Valves: Four, 4 inch. 

Relief Valves: Three, 4 inch, Peiton bal- 
anced. 

“‘yY” Branch: Made in three parts bolted 
together with 1 5¢ inch steel bolts, test- 
ed to 600 pounds, hydraulic pressure. 
Iron composed of special mixture of 
charcoal and Swedish iron. Tensile 
strength 30,000 pounds, weight 26,000 
pounds. 

RECEIVER. 


Diameter: 48 inches tapering to 36 in- 
ches. 

Length (finished): r1o feet. 

Material: 5g and % inch flange steel. 


Connected: Wheels bolted directly to 
generator shaft, auxilliary shaft bolted 
to wheel running in third bearing. 

Speed: 400 revolutions per minute. 

Capacity: 1800 horsepower. 


ELECTRICAL EQUIPMENT. 


Make: Westinghouse. 

Type of Generators: Revolving field, 
two bearing, underhung. 

Number of Generators: 4 (upon comple- 
tion), 2 at present. 

Capacity: 1000 kilowatts each. 

Generator Potential: 500 volts. 

Alternations per minute: 7200, 

Exciters: 45 kilowatts, four pole, 125 
volt, 820 revolutions per minute. 

Number of exciters: 2. 


POLE LINE. 


Length to Auburn: 27 miles. 

Length of Nevada line: 12? miles. 

Length of poles: 35 feet, 8 inch tops. 

Material: Washington cedar. 

Distance between Poles: 125 feet. 

Length of Spans: 700 to 1000 feet. 

Right of way: 100 feet wide, cleared. 

Guys: Stombaugh Guy Anchors. 

Cross Arms: One, 2 pin, 334 x 434 inches 
by 6 feet long and one 3% x-4%. by 8 
feet 6 inches long, four pin. 

Material: Finest Oregon pine, boiled in 
linseed oil. , 

Distance between wires: 30 inches. 

Number of Transpositions: 2. 

Telephone Cross Arms: One, 30 inches 
long. 
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Fastening: Arms bolted through pole. 

Braces: Nevada line only, braced on side carrying heaviestwire. 

Insulators: Line to Auburn, Hemingray, No. 1, Provo type; line 
to Nevada, Hemingray, No. 2, Provo type. 

Pins: 10% inch Eucalyptus. 

Power Line Wires: Line to Auburn, No. 6 B. & S. medium hard 
drawn copper; Nevada line, one circuit No. 6 and one of No. 3. 

Telephone wire: No. 12 galvanized iron; line rum 5 feet below 
power line. 


COSTS OF ELECTRIC POWER TRANSMISSION. 


HREE main factors are concerned in the cost of electric 
power transmission, namely, the transformers, the pole 
line and the wire or conductors. These factors enter in- 

to the cost of transmitted energy in very different degrees, accord- 
ing to the circumstancés of each case. The maximum and aver- 
age rates [loads] of energy transmission, the total voltage, the 
percentage of line loss and the length of the line mainly deter- 
mine the relative importance of the transformers, pole line and 
conductors in the total cost of delivered energy, according to Mr. 
A. D. Adams in a recently published article.* 

The first cost of transformers varies directly with the maximum 
rate of transmission, and is nearly independent of the voltage, 
length of the transmission and the percentage of line loss. A pole 
line changes in first cost with the length of the transmission, but 
is nearly independent cof the other factors. Line conductors, for 
a fixed maximum percentage of loss, vary in first cost directly 
with the square of the length of the transmission and with the 
rate of the transmission; but their first cost decreases as the per- 
centage of line loss increases and as the square of the voltage of 
transmission increases. 

If a given amount of power is to be transmitted, at a certain 
percentage of loss in the line and at a fixed voltage, over dis- 
tances of 50, 100 and 200 miles; respectively, the foregoing 
principles lead to the following conclusions: The capacity of 
transformers being fixed by the rate of transmission, will be the 
same for either distance, and their cost is, therefore, constant. 
Transformer losses, interest, depreciation and repairs are also 
constant. The cost of pole line, depending on its length, will be 
twice as great at 100 and four times as great at 200 as at 50 miles. 
Interest, depreciation and repairs will also go up directly with the 
length of the pole line. 

Line conductors will cost four times as much for the 100 as for 
the 50-mile transmission, because their weight 
will be four times as great, and the annual in- 
terest and depreciation will go up at the same 
rate. For the transmission of 200 miles the 
cost of line conductors and their weight will be 
sixteen times as great as the cost of 50 miles. 
It follows that interest, depreciation and main- 
tenance will be increased sixteen times with 
the 200-mile transmission over what they were 
at 50 niles, if voltage and line loss are constant. 


POLYPHASE CURRENT POETICALLY 
DEFINED. 

Sam Davis, the inimitable journalist of the 
Comstock, in an after-dinner speecht given at 
a banquet in Virginia City upon the completion 
of the transmission of the Truckee River General 
Electric Company, thus defined the variety of 
electric current used in the Virginia-Truckee 
transmission: 


Born from nothing, it leaps into existence with the 
full-fledged strength ofa giant, dies and is born again, 
living a thousand lives and dying a thousand deaths in 
the space of a single pulsating second of time. 


*Cassier’s Magazine, Volume XXII, page 652, Octo- 
ber, 1902. 

+ Reprinted in the Western 
XXXI, page 4c9, December 6, 1902. 


Electrician, Volume 
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A PORTION OF THE MAIN SWITCHBOARD OF THE SACRAMENTO SUBSTATION 


Had the orator given a waterfall, for instance, the paternity of 
electricity, and had he, in the final clause, have substituted the 
word ‘‘minute’’ for ‘‘second,’’ his definition would have been 
literally correct despite being fanciful, but then waterfalls are 
common enough to be regarded as nothing in the high Sierras, 
and poetic license makes the technician forget the misuse of a unit 
of time, so our thankfulness to Mr. Davis for a very pretty senti- 
ment makes us unmindful at these little inaccuracies. 





THE MOTOR-GENERATOR WESTINGHOUSE DIRECT CURRENT ARC SETS IN THE SACRAMENTO SUSSTATION 
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EDITORIAL. | 


Travel is an educator second to none, 
and especially is it true in engineering 


IN THE that he who would become renowned in 
“PAR” his own chosen branch can ill afford to 
WEST. commit the crime of perennial localiza- 


tion. What else is it than a crime, in an 

engineering sense, for a man to permit 
his energies, his experience and his sense of observation 
to be entombed month after month and year after year in 
a single town or district. He will say, perchance, that 
he has troubles of his own without bothering his head 
about those of his neighbor, but he forgets that in the 
solution of another’s troubles he will probably find that 
for his own. He has no time to read technical papers, 
he says, and he don’t care a rap about what the other 
fellow is doing so long as he is able to ‘‘ grind out the 
juice and make it pay.”’ 

Very well; let him continue his cock-and-dunghill 
career, and sooner or later he will follow on in the way 
of all other poultry and land in a pot,—the pot of obliv- 
ion, whence there will come not a morsel that is palat- 
able beyond a gratefulness that he is no more. 

Sd 

But the fact is that occasionally some engineers, and 
good engineers, too, have neither the time nor the means 
at their command to enable them to visit various places 
of professional interest. Though this condition, or 
rather plight, is one which is not always tenable in any 
case, still it may be tolerated for a time, thanks to the 
live and active trade journalism which sees things and 
records things so that all may know that which his 
engineering neighbor does. 

It is fitting, then, that this, the annual number of THE 
JOURNAL, should briefly review the present status of 
power engineering, and especially of power transmission 
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engineering as it exists in the so-called ‘‘far’’ West at 
the close of this last year of our Lord, 1902. 
se 

For a generation past California held the uneviable dis- 
tinction of being geographically so located as to make 
power for manufacturing purposes within its borders an 
exceedingly expensive commodity. The cry for decades 
has been that California could never become a manufact- 
uring State because of its high priced fuel and its absence 
of water power. But its ‘thigh priced fuel’’ was gaged 
without knowledge of its illimitable oil fields, and its 
‘absence of water power’’ was gaged by the Eastern 
standard which failed to recognize both the indomitable 
energy of California engineers and the equally illimitable 
magnitude of the waterpower which the extremely rapid 
descents of the streams of the Sierra Nevadas were cap- 
able of producing. It is a fiction pure and simple now 
for any one to say that mechanical power is an expensive 
commodity in any of the principal arteries of industry of 
the State of California at the present time, or that it is 
possible for power to ever become more expensive than it 
is today, for the fact is that its long distance high tension 
electric power transmission development and its immeas- 
urable wealth of fuel oil have placed it ina most favored 
position in this respect. And when to the advantage of 
cheap power is added the advantage of a climate which is 
so equable that work out of doors can be and is pursued 
each and every day in the year, the fact is easily recog- 
nized that California extends inducements to manufact- 
uring interests which are not excelled by any other State 
in the Union. This fact, coupled with the further fact 
that California is the portal through which most of the 
commerce of the Orient must pass, both in going and 
coming, are the last links needed to complete the chain of 
circumstances which bind the Golden State to prosperity 


forever. 
ee 


The time was, but a few short years ago when the cost 
of electric current to the consumer in San Francisco, for 
instance, was at the rate of twenty cents per kilowatt- 
hour, with a reduction of 1o per cent. for the prompt 
payment of bills. Now how different, for today the pub- 
lished rate for electric light and power service by either 
the direct or alternating current system, is three cents 
per kilowatt-hour. Surely no eight or ten-hour manu- 
facturing industry will complain of high-priced power 
when such rates prevail. 

For the past three or four years San Francisco has 
earned the reputation of being a very uncertain quantity 
in the matter of its electric lighting and power situation, 
for it has been that from the experience of one month no 
one could ever foretell what the condition of the business 
during the next month would be. But since that 
momentous time when Mr. Claus Spreckles determined 
to enter the lighting and power field of San Francisco 
and to prosecute the business on broad lines and liberal 
policies, there has been but one trend of events, from an 
engineering standpoint, and that has been in the direction 
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of highest attainable efficiency in plant and the pur- 
suit of a large business at a low rate. As a result San 
Fraucisco is not a very promising field of operation for 
any company which has, for instance, a great indebted- 
ness, or which has a material investment in antequated 
apparatus, or which has watered to saturation stock that 
should have been kept gilt edged and dry,— in brief the 
company which would succeed in San Francisco must be 
absolutely up-to-date and most highly efficient in every 
engineering and commercial sense. If it is otherwise, its 
awakening will prove to it that its chief competitor—the 
Independent Electric Light and Power Company—owns 
a modern plant which was built for cash, which does not 
owe a dollar, which is perfect in its mechanical and elec- 
trical engineering appointments, and which has not in- 
vested a single solitary cent that is not earning dividends. 
Add to this most favorable situation the impetus of cheap 
fuel oil and the reasoning upon which the foregoing com- 
ment is based becomes apparent. And thus it is that the 
prevailing rate for electric current in San Francisco is 
three cents per kilowatt-hour. 

In the meantime the old company—the San Francisco 
Gas and Electric Company—has had most of the water 
squeezed out of its stock and is getting down to business 
on a business basis. It is installing the first of seven 
1200-kilowatt, 4000-volt, three-phase engine-generator 
sets in its Station B on Townsend street, it has increased 
its alternating current distribution potential from 2200 
volts to 4400 volts on the three-phase system; it has in- 
stalled motor-generator sets in substations for reinforcing 
its outside Edison three-wire direct-current underground 
circnits, and, in brief, it is slowly but surely modernizing 
its plant in many ways, not the least significant of which 
is the fact that it is enjoying a contract with the Standard 
Electric Company by which it is receiving 3000 horse- 
power from the Blue Lakes-San Francisco transmission 
system. Say what one will, such a privilege is one of 
extreme value to any local lighting and power company, 
for it enables the execution of a contract which gives a 
twetty-four-hour load to the transmission company-— 
which is most desirable—and it gives a great block of 
power at a very low rate to the local company—which is 
also a good thing tohave. When the San Francisco Gas 
and Electric Company shall have remodelled its system in 
accordance with modern practice, and when the Standard 
Electric Company shall have completed its power plants 
on the Stanislaus River, in addition to the plant which it 
is now operating at Electra, on the Mokelumne, then shall 
the real tug of war begin to test which has the greater 
strength: a modern steam-electric plant or a power trans- 
mission plant that is supplemented by a modern steam and 
storage battery auxiliary. 

The remaining plants which are of consequence in the 
electrical field of San Francisco are the Mutual Electric 
Light Company and the Central Light and Power Com- 
pany, which operates a low tension direct current system 
from the basement of the Parrott Building. The Central 
plant has undergone no material change of late, but the 
system of the Mutual Electric Light Company is appar- 
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ently about to become an important factor in the local 
situation. Its present plant, which is located on Howard 
Street, at the foot of New Montgomery Street, and which 
contains probably 3000 horsepower in steam plant and 
Fort Wayne and Wood arc apparatus, is to be sup- 
plemented by a second plant to be located on the corner 
of Beale and Folsom streets. A steam-electric plant of 
several thousand horsepower is to be installed in this 
new location, and its nucleus has been ordered from the 
Bullock Electric Manufacturing Company, of Cincinnati, 
through the Wagner- Bullock Electric Companp, of Cali- 
fornia. ‘This initial order is for the installation of two 
1500-kilowatt, two-phase, 2300-volt, revolving field gen- 
erators of the fly-wheel type, to be run at ninety revolu- 
tions per minute, together with two engine.type exciters, 
either having capacity for the two main generators, and 
a complete switchboard arrangement. 

As to the gas business of San Francisco, little is being 
said but much is being done. The gas department of the 
San Francisco Gas and Electric Company lives on in 
peace and harmony with the Pacific Gas Improvement 
Company as of yore, but the Independent Gas Company 
is laying several thousand tons of gas mains and is pick- 
ing up consumers gradually as its finished mains progress 
towards the business centers. Its works, which are 
alongside those of the Independent Electric Light and 
Power Company in the Potrero, have been in operation 
for many months. They have a capacity of 2,000,000 
cubic feet per day, and it has been doing considerable 
experimenting in the use of crude oil in making gas. So 
satisfactory have the results been that it is probable that 
the use of crude oil in gas making will be adopted in all 
future extension of the works. 

It is for these reasons that the lighting and power situ- 
ation in San Francisco appears to be as unsettled as ever 
—unsettled from the investor’s standpoint, but settled 
forever from the ccnsumer’s standpoint; that is, from 
the viewpoint of permanently low rates. 

a 

Roundabout the Bay of San Francisco the gas and 
electric lighting and power business appears to be settling 
down into two channels: First is that of the chain of 
corporations popularly known as the Bay Counties Sys- 
tem, which embraces the entire section of the State of 
California lying between the parallels of latitude repre- 
sented by Oakland on the south and, say, Chico on the 
north, with the single exceptions of the portions of 
Amador and Calaveras counties which are covered by the 
circuits of the Standard Electric Company. To the 
south of this great district lies the second, or the Stand- 
ard Electric Company’s district, which is equally as great 
in point of population as the district covered by the Bay 
Counties system. These columns cannot again detail 
the story of the enormous growth of both these systems, 
but they may state in all propriety that the so-called Bay 
Counties system has actually acquired the transmission 
and distributing systems of the Sacramento Electric, Gas 
and Railway Company, as well as the system of the Oak- 
land Gas Light and Heat Company. This throws the 
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Folsom-Sacramento transmission into the Bay Counties 
system, and, by the purchase of the Oakland company, 
makes the Bay Counties Company a purchaser of current 
from the Standard Electric Company to the extent of 
2000 horsepower. Beyond this there is absolutely no 
connection as yet between the two companies. By 
midsummer the North Shore Railroad will have in oper- 
ation its new third rail line which is now being installed 
between Sausalito.and San Rafael. This will be the first 
third rail system in California and it will be operated 
from Bay Counties’ power through a motor-generator and 
storage battery substation now being erected in Corte 
Madera, Marin County. ‘This substation will also con- 
tain an auxiliary sttam plant of about 500 horsepower in 
Babcock & Wilcox boilers and a-tandem compound 
McIntosh & Seymour engine. 

On the other hand, the territory tributary to the lines 
of the Standard Electric Company is represented by the 
limits of the counties of Amador, Calaveras, Stanislaus, 
San Joaquin, Alameda, Santa Clara, San Mateo and San 
Francisco—a district which in point of commercial im- 
portance is second to none in the State. With its 15,000- 
horsepower plant at Electra in full operation, and with 
work progressing in the building of its new 22,000-horse- 
power plant on the Stanislaus, the Standard Electric 
Company would virtually rival the system of the Bay 
Counties Power Company in the matter of horsepower 
capacity, were it not that the latter through an affiliated 
corporation—the Valley Counties Power Company—will 
before many months be delivering 12,000 kilowatts to the 
Bay Counties lines from its new power house at Nimshew. 
This plant will operate at a head of 1537 feet through 
6000 feet of pipe line. 

ed 

Outside of the great bay region there are in reality 
three other geographical divisions to the state, namely, 
the San Joaquin Valley, northern California and south- 
ern California. The transmission and power business of 
the first has undergone no marked change of late beyond 
the rapid growth and expansion which has characterized 
every industry during the last three or four years. All 
the transmission plants therein have been enlarged and 
brought up to higher degrees of efficiency and usefulness, 
and especially is this true of the Mount Whitney and 
Bakersfield transmissions, which have each shown phe- 
nomenal yet sturdy growths. As to the Fresno trans- 
mission of the San Joaquin Electric Company, its man- 
agement seems to have exhausted its energies in estab- 
lishing the world’s record in high heads and lengths of 
transmission which gave such great fame some years ago, 
but there the company’s glory ends, for it has now, 
together with the project known as the Mammoth Power 
Company, passed into the control of the so-called Hunt- 
ington-Hillman syndicate, and will, ix all probability, 
become merged into the great enterprise of the Pacific 
Light and Power Company. It will be remembered that 
the project of the Mammoth Power Company contem. 
plates the development of 120,000 horsepower on the San 
Joaquin River for transmission to San Francisco, 180 
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miles, and to Los Angeles, 218 miles, as the crow flies. 

The transmissions of the two remaining sections of 
the State represented in its northernmost and southern- 
most ends are generally familiar to readers of THE 
JOURNAL through the leading article in the issue for 
December describing the system of the Northern Califor- 
nia Power Company, and now, through the present issue, 
which describes not only the system of the Central Cali- 
fornia Electric Company, but also the colossal enterprise 
of The Edison Electric Company, of Los Angeles, which, 
when considered in the lights of its historic, engineering 
and commercial standing, is one of the most important 
transmission undertakings in America. In fact itis hard 
to believe that any other section of the earth has exerted a 
more pronounced influence in one way or another on 
transmission development than southern California. ‘The 
present article tells much relative to electrical and power 
development in the lower section of the State, but much 
more is yet to be told, as these columns of the near future 
will bear evidence. Take the system of the Pacific 
Electric Railway Company alone, for instance. It has, 
within the past twelve-month, expended an average of 
$250,000 per month in electrical development in and 
about the city of Los Angeles, and it has made official 
announcement that the year 1903 will witness the expend- 
iture of a much larger sum in the same direction. 


Fd 


Let a single quotation, albeit from the lay press, be 
made in substantiation of the position held regarding the 
development of manufacturing in California. The Saz 
Francisco Chronicle states in a recent issue: 


The record of the coal importations in San Francisco during 
1902 shows a decrease as compared with those of 190r of nearly 
400,000 tons, which is conservatively valued at $2,725,000. The 
employment of crude petroleum as fuel and electricity as power in 
manufacturing and in railroad operation is responsible for the de- 
crease. The consumption of fuel oil in the industries of San 
Francisco and its environments has amounted, however, to 18,000 
barrels daily. * * * Itis difficult to approximate the extent 
to which electric power has been introduced into manufacturing 
here, and thus determine the equivalent of coal service which it is 
performing, but it must be quite as great, if not greater, than 
that performed by crude oil. 

If we assume that the value of the fuel oil used in manufactur- 
ing was worth, on an average, 75 cents per barrel, the cost of fuel 
to the manufacturing interests employing it aggregated last year 
$4,860,000. The cost of its equivalent in coal at an average price 
of $7 per ton would have amounted, however, to $11,340,000. 
San Francisco’s industries have thus saved $6,480,000 during the 
year through the use of crude petroleum instead of coal as fuel 
for steam generation. Besides, the joint use of fuel oil and elec- 
tric power in manufacturing and railroad operation during the 
year resulted in a saving of at least one-half of the $2,725,000 kept 
at home through the decrease in coal importations. The new 
sources of power employed in the home industries have thus 
effected a traceable saving of at least $7,842,500. 

If manufacturing with coal at cost, without profit, had been 
possible on the same scale as it is now being carried on with the 
cheaper fuel and electric power, this $7,842,500 may be safely said 
to represent the traceable financial gain which the manufacturing 
interests of San Francisco and its suburbs have derived from the 
employmeut of the new sources of power. It is not surprising, 
therefore, in the light of this showing, that manufacturing has 
increased at an unprecedented rate during the past year, and that 
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there is every indication that the number of manufactories will be 
greatly multiplied during the years to come. There is no exag- 
geration in the assumption that California is as yet only on the 
threshold of manufacturing development. 


as 


Looking to the north of the State line, the first plant 
of magnitude is that of the staid and sturdy Portland 
General Electric Company, which bears a position in the 
earliest development of transmission on the Pacific Coast 
that is second to no other pioneer in this direction. 
Just now the main station of the company on the west side 
of the falls of the Williamette at Oregon City is being en- 
larged by two sections—making twenty-two sections in 
all—for the accomodation of two 500 kilowatt, 10,000- 
volt three-phase generators. It will be remembered* 
that the generators heretofore installed have been of the 
vertical shaft type, and delivering 450 kilowatts to line at 
the generated potential of 6000 volts, but these two new 
units are to be of the horizontal type, which will-be ad- 
hered to hereafter in further extensions of the station. 
The generation of 10,000 volts direct instead of 6000 volts, 
as was done by the older machines, is also the first step 
toward the adoption of 10,000 volts as the standard trans- 
mission voltage between Oregon City and Portland. Air 
blast transformers are to be used throughout. In Port- 
land the company has built a new and commodious sub- 
station on the formerly vacant corner adjoining the old 
substation and it is probable that another thirty days will 
see its occupation. In the meantime the auxiliary steam 
plant which is maintained in North Portland is being en- 
larged by the addition of about 1500 hcrsepower in new 
steam and electric plant. 

Portland is by no means an exception to the rule that 
all the principal electric light and power plants on the 
Pacific Coast are working under heavy load; in fact, it 
may well be said that the plant of the Portland General 
Electric Company is at preseat laboring under a more ser- 
ious overload than that of any other company in the West. 
It is in no way a reflection on the management of the 
company that this situation exists, for the growth of the 
business has been at such unprecedented rate that no 
man nor set of men could have foreseen it. Material and 
what have at times appeared to be unwarranted increases 
in capacities have been made to the plant year after year, 
but despite most careful gagings it has been impossible to 
keep the plant capacity up to the growth of the business. 
The early completion of the new sections being added to 
the Oregon City and the Portland auxiliary steam plants 
will, however, relieve the situation, so that by next 
winter it is believed that the company will be able to 
handle whatever load may be imposed upon it. 

The great wealth of Portlard is almost proverbial, as is 
also its extreme conservatism, and in view of the latter it 
is refreshing to note its evident awakening to the spirit 
of progression which is the sure forerunner of mighty de- 
velopment. Asa straw or the wetted finger tell the di- 
rection of the wind, so a single incident will show the 
course of the new spirit which is awakening in Portland. 


*THE JOURNAL, Volume 1, page 138 e/ seg. December 1895. 
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For years the thrifty people of the Klickitat country, in 
the state of Washington near the Columbia river below 
The Dalles, have begged and pleaded and all but offered 
their birthrights to secure an outlet to market their pro- 
ducts. Theirs is a land of plenty, a land where crops 
never fail, but a land so walled in by mountains that 
their products ceuld not be shipped at a profit. Portland 
capital heard their call, the Columbia Railroad and Navi- 
gation Company was formed, the Regulator Line of 
steamers plying between Portland and The Dalles was 
bought, a new railroad forty-six miles in length is now 
nearly finished between Lyle, on the Columbia river, and 
Goldendale, the county seat of Klickitat county, and thus, 
within ninety days, the people of the Klickitat country 
will have been released from their bondage. This is 
merely one incidert of many which might be cited, but it 
evidences the new life of progression to which Portland 
has awakened—an awakening in which engineering in 
its every form will begin to take most active part in the 
very near future. 
& 

The Seattle of today must resemble strongly the San 
Francisco of say forty years ago, for the exhiliration of 
mining excitement is a stimulant which makes trade rush 
by leaps and bounds through the arteries of commerce. 
Nevertheless power engineering thereabouts is advanc- 
ing only by such strides as conservatism dictates. Of all 
the steam plants on the Pacific Coast there is none con- 
taining engines which are as imposing as are those 
housed by the new Post street station of The Seattle 
Electric Company. They are two in number, each is 
capable of developing 4000 horsepower, and they are of 
the vertical, twin tandem, compound type built by the 
McIntosh & Seymour Company. Each engine is separ- 
ate from the other and so arranged that by uncoupling 
the shaft, either engine may run the generator. The 
generators are of the Westinghouse revolving field type; 
they are rated at 1600 kilowatt each, run at 120 revolu- 
tions per minute and deliver three-phase current at 2500 
volts. Above the engine room is the boiler room, the 
fuel used being from the coal mines at Renton, which are 
owned by The Seattle Electric Company. 

In view of the fact that the interests of The Seattle 
Electric Company about Puget Sound are to form the 
subject of an early edition of THE JouRNAL, more de- 
tailed reference to its system at this time seems unwar- 
ranted, but mention must be made of the new third rail 
line which the company has been running between 
Seattle and Tacoma for the past two monthsorso. This, 
the first third rail line on the Pacific Coast, is undoubt 
edly representative of the latest and best types of similar 
construction produced in America, and the great success 
which has attended its operation convincingly proves 
that the system has ‘‘come to stay.’’ The ‘‘Interurban,”’ 
as the road is called, is operated exclusively by power 
from the transmission circuits of the Snoqualmie Falls 
Power Company, through substations located respec- 
tively at Georgetown, at Kent and at Saw Mill, a station 
located midway on the road between Kent and Tacoma. 
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Each of these stations contain General Electric high ten- 
sion oil switches, oil insulated, air cooled, reducing trans- 
formers, rotary converters and a storage battery auxiliary 
consisting of 288 ‘‘Chloride’’ cells of the Electric Storage 
Battery Company, those in the Georgetown and Kent sub- 
stations being of type ‘“‘G 17’’, with a discharge rate of 
640 amperes per hour, while that in the Saw Mill sub- 
station is of the ‘‘G 15°° type, with an hourly discharge 
rate of 560 amperes. Between the hours of 5 and 7 P. M. 
each day these batteries carry the entire inter-urban load, 
in order to relieve the peak of the load on the Snoqual- 
mie plant. Within city limits power is taken from a 
trolley, but elsewhere it is taken from the third rail, over 
which slides a castiron shoe weighing about six pounds. 
Two such shoes, one at each corner of the motor car, 
pick up the from 900 to 1000 amperes at 600 volts re- 
quired in starting trains, each motor car being equipped 
with four 125-horsepower type ‘‘G. E. 66’’ motors, with 
type ‘‘4 M”’ controllers. The roadbed is of standard 
steam railroad construction, seventy-pound rails being 
used as wheel rails, while the third rail is of the 100- 
pound variety, this size being determined upon to give 
added conductivity. Generally the trains consist of two 
cars, a motor car and a trailer, and at present the run- 
ning time over the road, which is thirty-eight miles in 
length, is one hour and thirty minutes. The time re- 
quired by the steamer Flyer in making the run between 
the two cities by water is one hour and twenty-five min- 
utes. Nevertheless the Interurban has already bounded 
into popularity, for it is getting the bulk of travel. Next 
spring, when the roadbed shall have settled, the running 
schedule will be shortened to one hour and fifteen min- 
utes, but already the time-card necessitates some very 
rapid travel, when it is remembered that much of the 
route is within city limits, and when the frequent stops 
that must be made are taken into consideration. As it 
is, the fastest time is made between Edgewood and Ta- 
coma, where a distance of five and one-half miles has 
been covered in four and three-fourths minutes, which-is 
at the rate of practically seventy miles an hour. 

The lighting, power and street railway business of 
Seattle is carried almost entirely by The Seattle Electric 
Company, which, in addition to its own stations, buys 
considerable power from the Snoqualmie Falls Power 
Company. Considerable development in the way of trans- 
mission work is being planned by both these companies 
for execution in the very near future, prominent among 
which is the proposed development of some 20,000 horse- 
power by The Seattle Electric Company fromthe Puy- 
allup River, and the development of an almost equally 
large amount by the Snoqualmie Falls Power Company 
from White River, in Pierce County. 

Details of the proposed Puyallup River development of 
The Seattle Electric Company are not available for pub- 
lication as yet, but it can be stated that the general plan 
on the White River power development, by the Snoqual- 
mie Falls and White River Power Company, as the new 
corporation is termed, will be to divert the water of 
White River through an excavated canal to Lake Tapps, 
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eight miles distant. The level of this lake will be raised 
until it occupies an area of about 5000 acres, and will 
serve as a storage reservoir and settling basin. The out- 
let will be a short canal and tunnel connecting with a 


_.penstock on the brow of the hill overlooking the Stuck 


Valley. The water will thus be made available under a 
head of 450 feet for the operation of the water-wheels in 
the power house at the foot of the hill, the short tail-race 
discharging into Stuck River. ‘The power house will be 
tied in with the present Snoqualmie Falls plant by cir- 
cuits about five miles in length. The present develop- 
ment of the proposed White River project contemplates 
the installation of one pipe line sufficient in size to deliver 
10,000 horsepower, but the canal and intake are to be of 
sufficient size to develop 60,000 theoretical horsepower. 
The power house will be designed to accommodate a 
50,000-horsepower installation of water-wheels, generators 
and accessories. The building at present will be erected 
in part only, yet sufficient in size to house a 10,000-horse- 
power installation of water-wheels and generators, to 
consist of two 3000-kilowatt generators and two exciters 
directly connected to impact water-wheels. 

From present indications the appearances are, then, 
that some keen competition for the control of the electric 
power business of the Puget Sound region is likely to 
occur between The Seattle Electric Company and the 
companies comprising the Snoqualmie interests. 

wt 
Spokane, most beautiful of all northern cities of the 


Pacific Coast, has already won merited distinction for its . 


pioneer electrical development, and now its magnificent 
waterpower is about to drive the mills and mines of che 
Coeur d’Alenes. ‘The old plant, installed by the Edison 
Electric Illuminating Company, of Spokane, ten years or 
more ago, and which was the first Edison three-wire 
system on the coast, is still doing duty —and heavy duty 
at that—in supplying all the low-tension lighting and 
power service of the city. It was well built, has always 
been well maintained, and is today an excellent example 
of the type of central station engineering which was re- 
garded as a near approach to perfection at the begin- 
ning of the last decade. But here the old and the new 
join hands, for, working along with belted Edison bi- 
polars and ‘homson-Houston arc-machines, all of mod- 
erate capacities, are two 150-kilowatt and one 250-kilo- 
watt monocyclic machines, besides two 750-kilowatt 
direct current generators, direct coupled to turbines, one 
of which, operating at 300 volts, delivers current to the 
outsides of the Edison three-wire system, and the other, 
operating at 6co volts, pulls the major portion of the rail- 
way load. 

The Washington Water Power Company now owns 
not only the entire elecirical business of Spokane, but 
also practically the entire water rights and the river 
frontage of the magnificent falls of the Spokane River at 
Spokane. At present but half the head and but a small 
portion of the water is being used by the company, but 
the value of the falls as a source of power may be gained 
from the statement that the minimum theoretical power 
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of the falls at extreme low water is about 70,000 horse- 
power. At the time the old nine-foot penstocks were 
laid they were considered to be remarkable, but now two 
twelve-foot penstocks, or ‘' flumes’’ as they are locally 
termed, have just been built between a new forebay and 
a new section which has been added to the power house 
for the accommodation of the two 2250-kilowatt, three- 
phase generators that are to supply power for the opera- 
tion of the Spokane-Cceur d’Alene transmission. ‘The 
line for this transmission will be a fraction under 100 
miles in length, aud the power will be utilized in the 
operation of the Bunker Hill and Sullivan mines and 
those known as the Burke and the Wardner groups. 

The Spokane-Cceur d’Ale e transmission is the first of 
the series of improvements planned by the Washington 
Water Power Company which is being put into execu- 
tion. When these shall have been carried out—when, as 
a single example, for instance, the generating station 
shall have been modernized and enlarged to a capacity 
commensurate with the needs of the city and its tribu- 
tary territory—and when, after that, it shall have made 
peace and acommon cause with the Spokane Gas Com- 
pany, which is its natural ally, yet its artificial enemy, 
then shall it become one of the most solid and desirable 
corporate properties in the Pacific Northwest. It pros- 
pers now, but the zenith of its prosperity is not to be 
reached until it shall have done these things. 


. « . 
Industrial conditions are undergoing con- 


AND stant change, and, speaking in figures, 
BY THE the situations of today are no more a 
WAY. criterion of tomorrow than they are of 


yesterday. Human knowledge increases 

as eras of time roll on and the wisdom of 
the present is a concentrate of the experience of the past. 
These changes are, therefore, wrought out by this increase 
of human knowledge, which will work transformations of 
industry in many important directions. 

What, in truth, will be the probable consequence of 
the fact that the two largest electrical manufacturing 
companies in America—in the world, rather—are now 
building steam turbines in direct and most threatening 
competition with the steam engine building industry of 
the country? From the standpoint of the patent laws, 
dynamo building is fast becoming an open field, and 
what will happen when the steam eugine builders of 
America awaken to the magnitude and glories of the 
country’s electrical manufacturing business, and perhaps 
in self-defense, perhaps from other motives, begin to 
build dynamo-electrical machinery ? 

Just such situations sometimes beget industrial revolu- 
tions. 


Muncipal ownership has been declared to be undesir- 
able by the citizens of San Francisco, who cast 26,612 
votes upon the proposition of issuing bonds of the city 
for the purpose of building an electric railway system on 
Geary and other streets. Of these votes, 15,071 were for 
and 11,331 were against the proposed bond issue, two- 
thirds vote being necessary for its carrying. 
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It is with a great deal of pleasure and 
much gratification that we present this 


A FEW WORDS ' ; 
es oo our first annual number since the incor- 
PATRONS. poration of THE JouRNAL, and we trust 


that the improvements shown and the 
progress indicated, will serve to demon- 
strate that we are making a strong effort to place our 
publication in the lead of trade papers in the United 
States. : 

We trust that the success with which we have met, isa 
recognition from our patrons of the merits of THE Jour- 
NAL; but merit alone, no matter of how high a quality, 
could not succeed without loyal and earnest support. A 
glance through the advertising columus of this issue will 
show a patronage which, in point of solidity and promi- 
nence of the manufacturing and business firms appearing 
therein, is not, nor ever has been, excelled in avy publi- 
cation on this coast. While we acknowledge to our sub- 
scribers a due sense of our obligations to them in their 
continued patronage, it is largely due to the revenue 
derived from our advertising pages that we are able to 
give our patrons the very best results in our reading and 
editorial columns. 

It is our desire that those who are intcrested in THE 
JOURNAL should know our appreciation of their support, 
and that they should realize that no effort will be spared 
in the future to continue our onward and upward move- 
ment. It will probably please most of them to kuow 
that THE JOURNAL is now on an absolutely solid founda- 
tion, that it owns a printing plant which is in every 
respect thoroughly up-to-date, and that contracts for 
future advertising, together with rapidly growing circu- 
lation, will soon enable it to introduce the different de- 
partments which were spoken of in the August and Sep- 


tember numbers. 
a 


This, our annual number, is a fair sample of what we 
are able to accomplish under the new conditions, and we 
trust that all of our patrons will rejoice with us in the 
splendid showing we are making. 

To our subscribers we would say that if this number 
pleases them we will appreciate their showing it to such 
of their friends to whom it would be interesting, and 
asking them to send in their subscriptions. 

It is our intention to double our subscription list dur- 
ing the coming year, and believe that we will succeed in 
doing so, especially if we have the co-operation of those 
interested with us. 

we 

For the benefit of those interested we would announce 
that bound copies of THE JouRNAL for 1902 are now 
ready for delivery. Orders for same will be filled at the 
rate of $5 per volume. Advance orders for these have 
been so numerous that but few copies are left for sale, 
and those desiring them should file their application at 
once, addressing all such communications to the Man- 
ager of The Journal of Electricity Publishing Com- 
pany, No. 144 Union Square avenue, San Francisco, 
Cal. 
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The Systems of the United Electric, Gas and Power. Company. 


UAINT Santa Barbara, renowned 
for its history, its missions, its 
curiously-named streets,* its 
matchless climate and its mag- 


nificent environs, may well lay 
claim to possessing the most 


superb steam-electric system to 
be found in any of the smaller 
cities of the Pacific Coast, if not 
of the entire country, especially 
if there be considered, in the 
latter regard, the methods which 
have been developed and suc- 
cessfully prosecuted for making 
a paying property out of one 
which would have ordinarily 
brought about only desultory 
returns. Santa Barbara is in no 
sense an industrial center so far 
as manufacturing industries go, 
hence its power load, aside from 
the street railway system, is of 
insignificant proportions. Its 
country roundabout produces an 
abundance of citrus fruits of ex- 
cellent quality; its olives and 
olive oils are world-famed for 
their superior excellence, and 
near by are the curious crude 
oil fields of Summerland, where 
a forest of derricks, built on piers 
extending into the ocean, pump 
oil from sands beneath the 
breakers on the beach. The city itself is quiet and queenly; 


in “@oo's AcRE”’ 
SANTA BARBARA MISSION 


*For instance, a century or more ago one particular road out of the settle- 
ment became so muddy each winter that it grew to be famed as a quagmire. 
It is a street now and is known as ‘ Salsipuedes street,” the noun meaning 
“Get out if you can.’ Then there is ‘‘Cannon Perdito street,’’ where a 
cannon was mysteriously lost during General Fremont’s time, and another, a 
lane in which a prosperous ranchero was robbed of $500 three generations ago, 
is now called ‘‘ Quienentos street ’’ meaning the $5co street 





its people are of the prosperous or retired class who are moderate 
in all things and who live sedate lives for the good there is in 
them. Such people, though most desirable as citizens, are not 
noted among the gas and electric fraternity as being the most 
profitable patrons. They retire early and rise late; they burn 
wood logs in winter for the beauty of the fire, and they ride 
around in their own phztons to the lasting depletion of street 
car receipts, Moreover, most of the best patrons of the residence 
circuits of the electric lighting company live out at Montecito, 
that beautiful valley of country places which is at once the joy of 
the tourist and the despair of the electrician. 

This is the situation as it existed at the time when the United 
Electric, Gas and Power Company, of Los Angeles, determined to 
add Santa Barbara to the list of cicies in southern California to 
which it was furnishing gas and electric services. In fact, this is 
the situation as it exists today, practically, for the changes that 
have been wrought consist mainly in perfecting details of opera- 
tion rather than in attempting to hobble along with any appar- 
atus or equipment other than of the very best and most efficient 
types. It is this determination on the part of the owners of the 
properties which has brought about the belief that the system of 
the United Electric, Gas and Power Company in Santa Barbara is 
one of the best arranged, best managed and most efficient of the 
small plants in existance. 

Prior to the acquisition of gas and electric properties by the 
present owners, the field was occupied by the Santa Barbara Elec- 
tric Light Company, the Santa Barbara Gas Company and the 
Santa Barbara Consolidated Street Railway Company, each oper- 
ating along the line indicated in its respective name. The elec- 
tric plant contained tubular boilers, a Corliss type and a high 
speed engine for driving a jack shaft, from which was operated 
an assortment of alternators and arc dynamos of the styles of a 
decade ago. The gas works was in fairly good condition, being 
one of the early plants of the Western Gas Construction Company 
of Fort Wayne, Ind., while the electric railway plant consisted of 
tubular boilers, high speed engines, belt-driven generators and a 
wooden switchboard. These three plants occupied separate 
premises in different parts of the city and they were located with- 
out regard to convenience in handling fuel or proximity to con- 
densing water, except in the case of the railway plant, which was 
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THE POWER HOUSE AT SANTA BARBARA 


on the line of the Southern Pacific Railroad. The outside 
systems were quite in keeping with their respective plants, so no 
more concerning them need be said. 

From the outset the purchase of the plants and good wills of 
the three companies named was regarded as an absolute necessity 
in order to insure success. This done, the electrical industriés 
could be centered in a single station which could be favorably 
located not only as to distribution, fuel and condensing water, 
but it could be arranged so that its waste heat could be put to 
profitable use in warming the water of a plunge bath, which, in 
turn, would make business for the street railway system. 

And now the Boulevard, bordered with cement walks that are 
lined with palms, runs along with the ocean beach to the bath 
house, which, with its fountain and walks and landscape garden- 
ing, forms the artistic end to the thoroughfare. Here the car 
line terminates and here thousands, almost, congregate on each 
and every week day of the year—for every day is springtime and 
the baths are not open on Sundays. To the east of the bath 
house, back from the beach a thousand feet or so, is the power 
house, just sufficiently remote to be inconspicuous. The gas 
works are in another part of the city beyond its business section. 

But before proceeding to particularize the engineering features 
of the property of the United Electric, Gas and Power Company 
in Santa Barbara, it may be well to state that the company named 
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is a corporation organized in Los Angeles and having its principal 
offices in the Conservative Life Building of that city. Its business 
has been conducted under the policy which proposed the consoli- 
dation and modernization of gas and electric plants of different 
localities, and, more than this, the unification of these electric 
plants through high-tension transmission lines. As yet, however, 
no connecting transmission link exists between its Santa Monica 
and Santa Barbara plants, nor is it probable that these plants will 
be tied together in the near future, for the reason that it would be 
of no material advantage to do so. Electric and gas services for 
Santa Barbara and Montecito are, therefore, run from works 
located in the city of Santa Barbara, while the gas and electric 
plants at Santa Monica supply both varieties of service to Santa 
Monica, and electric service through the high-tension transmis- 
sion lines of the company to Ocean Park, Moneta, Gardena, Ingle- 
wood, Hermosa Beach, Long Beach, San Pedro, Terminal Island, 
Redondo, Miramar and Short Line Beach. The company also 
owns and operates a small separate electric plant at Monrovia, 
which is driven by water power, but, with the exception of its 
Monrovia plant, its electric systems are steam-driven. 

To return to the systems in Santa Barbara, the history of the 
gas industry in Santa Barbara dates back to the beginning of the 





THE BOILER,.ROOM AT SANTA BARBARA, SHOWING THE HOT WELL AND DUPLICATE 
FEED PUMPS AND OIL SET 


seventies, when a crude oil gas plant was operated within one 
block of the center of the town, starting before the towm had 
begun to take on the airs of a civilized community.’’* The in- 
crease in population of the city has been such, however, that it 
has long since outgrown the facilities of its original gas works, 
and now its gas plant equipment is such as to rank with many 
localities of greater pretensions. 

sas from the original oil-gas plant was first sold in 1870, the 
price being $6 per thousand, and during the year the company 
laid one mile of street main, from which it served about seventy- 
five consumers. Now the company has a daily output of above 
30,000 feet, it has nearly.600 consumers and approximatey fifteen 
miles of street mains, while the prevailing price for gas is $2 for 
fuel purposes and $2.50 when used for lighting. It is worthy of 
special note that over 200 gas stoves alone were placed in Santa 
Barbara during 1902. 

The change from an oil-gas to the present water-gas plant was 
made in 1866, since which time gas having an average of twenty- 
two candle power has been produced. The works now consist of a 
four-foot, six-inch, duplicate set of generator, carburettor, super- 
heater, condenser, scrubber and washer, installed by the Western 
Gas Construction Company. Since the plant was built, however, 


**« The Gas Companies of the Pacific Coast,” page 11. 
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THE ENCLOSURE BEHIND THE SWITCHBOARD 


the engineer of the local company has made a material improve- 
ment upon the builders’ ideas in the method of applying the oil. 
As installed, the oil was sprayed in the carburettor on heated 
checker brick, but this has now been done away with and oil is 
now sprayed down from the top of the generator right into the 
hot coal fire below. Far better results are obtained, and in addi- 
tion the economy in operation is increased over 10 per cent. It is 
stated that a barrel of Coalinga oil, which is used in gas-making 
in Santa Barbara, produces 4000 cubic feet of twenty-two candle 
gas, and that the period of blow ts from six to eight minutes, 
while the run varies from twelve to seventeen minutes in length. 
It is also stated that from seven to eight gallons of oii are con- 
sumed per run. 

The gas works is housed in a brick building, which is 140 feet 
long by forty feet in width, and which is of thoroughly modern 
and fireproof construction. Adjoining the works on contiguous 
property are two holders—one, the relief holder, having a capacity 
of r5,000 cubic feet, while the other, the maim holder, has a capa- 
city of 30,000 cubic feet, which can be increased to 90,000 cubic 
feet. This is a very fine telescopic holder. The tank is of one- 
half-inch steel, while the holder proper is of No. 10 steel. In 
fact, itis safe to say that a more complete small gas works is 
hardly to be found in the West. 

The Santa Monica gas plant is very similar to the one just de- 
scribed, with the exception that it is not equipped with duplicate 
apparatus and that it is housed in a corrugated iron building. 
Negotiations are now in progress for the installation of duplicate 
apparatns, which will be given a more modern habitation when 
finished. 
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Reverting to the steam-driven electric station at Santa Barbara, 
the drawings on page 89 fully portray the general arrangement 
of the plant, which is, as stated, of exceptional excellence in every 
regard. The steam part of the plant consists first of three Bab- 
cock & Wilcox water-tube boilers of the vertical header type, each 
containing 1320 square feet of heating surface and fitted with 
ninety-inch induced fans which are direct-driven by small simple 
engines. The plant is so arranged that it may use either coal or 
oil for fuel, hence it is, now that oil is being burned, that the in- 
duced draught is used but infrequently. Crude oil from the oil 
fields at Summerland, six miles distant, is used in firing, and this 
is applied under pressure derived from two three-inch by two-inch 
by three-inch duplex oil pumps. The fuel economizer (Green’s) 
consists of 144 tubes in twenty-four sections, while the stack is 
forty-five inches in diameter by sixty feet in height, and consists 
of three-sixteenths-inch steel erected upon structural iron founda- 
tions with a castiron base plate. The hot well consists of a steel 
tank fitted for filtering oil in an approved manner; the heater is 
of the Goubert type, fully provided with exhaust connections 
from the auxiliary pumps, as well as the necessary feed water and 
blow-off connections; the boiler feed pumps are two in number, 
of the duplex type, each measuring five and one-quarter inches by 
three afid one-half inches by -five inches; while the economizer 
and boiler equipment is so equipped with dampers that the 
boilers may be operated either with or without economizers. Both 
boilers and economizers may also be operated either with or with- 
out the induced draught apparatus, directly through the stack, as 
has already been implied. 

The main engine is of the vertical cross-compound type, which 
drives by direct connection a 300-kilowatt generator, and, by 
belting from a separate pulley having a diameter of seventy-five 
inches, a seven-and-one-half-kilowatt exciter. This engine, which 
is provided with a seven-inch Stratton steam separator and is most 
effectively lubricated throughout by the Siegrist system, was built 
by the McIntosh & Seymour Company, and has cylinders meas- 
uring fifteen and thirty-two inches in diameter, respectively, by a 
stroke of thirty-six inches, and runs at a speed of 120 revolutions 
per minute. The plant is run condensing, one Wheeler ‘‘ Admir- 
alty ’’ surface condenser being used, and this is of sufficient size 
to condense all of the steam from every engine in the plant with 
a considerable margin for overload. In addition to this main en- 
gine, the station contains a Phoenix high-speed tandem compound 
horizontal engine, rated at 300 horsepower, which drives by belt- 
connection a 110-kilowatt, six-pole, steel-frame, 650-revolutions- 
per minute, direct-current generator for the street railway system, 
and a 150-kilowatt, revolving-field, three-phase power generator, 
running at 600 revolutions per minute, for carrying the polyphase 
power load, both these generators being used during the daytime. 

Both engines, as well as all auxiliary steam apparatus, are run 
condensing as stated, not only for the increased economy there- 
from, but for the good use to which the heated water from the 
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condenser is put in the bath house nearby. The plant is equipped 
with two brine-fitting circulating pumps, one being a duplex steam 
pump ten by eight and one-half by twelve inches in size, and the 
other being a centrifugal pump arranged with sub-base, on which 
is mounted an electric motor for direct driving. The suction for 
these circulating pumps extends into the ocean beyond the bath 
house, yet its total length is but 1200 feet. It is of flanged cast- 
iron, ten inches in diameter, while the diameter of the pipe which 
returns heated water from the condenser to the bath house is 
eight inches in diameter, its length being 750 feet. 

The main generator has a capacity of 300 kilowatts, asstated. It 
is of the revolving field type and delivers 2400 volts in three-phase 
current at sixty cycles. Its hours of service are really light, for it 
is started before dusk, when the evening load is coming on, and it 
is run until midnight or thereabouts, when the Phcenix engine is 
again put into service and remains on duty until the next even- 
ing. The load factor of the plant is inherently a low one, hence 
the only resource has been to make up this shortcoming by attain- 
ing the highest possible efficiency in every direction. With this 
end in view, the work of modernization has gone on in every 
direction. Are lighting service is rendered by the Hartford or 
‘*tub’’ system of the General Electric Company, through three, 
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when the main set is up to speed and synchronized with the 150- 
kilowatt generator that was being run from the. Phoenix engine, 
the load is transferred to the main set-and the smaller units driven 
by the Phoenix engine are shut down. The entire plant is run by a 
chief engineer and two assistant engineers, between whom the 
twenty-four-hour run is divided up in the proportion of a ten-hour 
watch each for the assistant engineers and a four-hour watch for 
the chief engineer. Of course the boiler room is attended by a 
fireman, with the exception that the night engineer runs the whole 
plant, including the boiler room, between 2 and 6a. mM. 

The officers of the United Electric,Gas and Power Company are: 
Messrs. Hulett C. Merritt, president and treasurer; Frederick H. 
Rindge, vice-president; H. V. Carter, vice-president; George I. 
Cochran, secretary and general counsel, and J. J. Davis, superin- 
tendent, to whom the writer is indebted for many courtesies 
shown. With-these gentlemen there are associated-as directors 
Messrs. Lewis J. Merritt, Charles E. Schiede, Harry Gray and Fred 
T. Bueneman. 

The entire steam equipment of the plants of the United Electric, 
Gas and Power Company were furnished and installed by Chas. C. 
Moore & Co., the well-known engineers, of San Francisco, and all 
electrical apparatus was furnished by the General Electric Com- 
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fifty-light, six-and -six-tenths-ampere transformers, which are 
located in a gallery built above the main switchboard of the sta- 
tion. All street lighting is done by are lights of the inclosed are 
type, and the street lighting system is arranged in three circuits, 
although accommodations for six circuits are provided on the 
switchboard. An exception to the rule regarding arc lamps for 
street lighting is found in the Boulevard running along the ocean 
front and ending in the bath house, which broad thoroughfare is 
lighted by incandescents. The poles used vary in height from 
thirty-five to sixty feet, the latter being used for supporting arc 
lamps. Incandescent lighting service is rendered over three pri- 
mary, 2400-volt circuits, each of No. 4 wire, and owing to the fact 
that consumers ef incandescent electric light are greatly scattered 
over a large territory, individual transformers are used on ulti- 
mate single-phase circuits. The three-phase power load is carried 
on a single circuit of No. 6 wire. 

During the period when the main engine and generator set car- 
ried the load, power for the operation of the street railway system 
is taken from the main generator, through the intermediary of a 
two-bearing, 2300-volt, three-phase, induction motor, and a 550- 
volt railway generator, the induction motor being brought up to 
speed with the main generator when the latter is started. Then, 


pany, and installed under the engineering supervision of Mr. J. J. 
Davis. 

The plant of the United Electric, Gas and Power Company at 
Santa Monica, like that at Santa Barbara, is of considerable inter- 
est to owners and operators of small electric light stations, because 
it offers a suggestion of what may be done in many other localities 
where several small electric lighting’ stations areswithin trans- 
mitting distance of one another. The generating station at Santa 
Monica is an economical steam plant which supplies electric light- 
ing service at Santa Monica and also transmits current at 22,000 
volts to electric light substations at Long Beach, Terminal Island, 
San Pedro and Redondo. These substations displaced small steam 
plants previously operated. The saving in fuel and labor is, 
roughly, 50 per cent. as compared with the small plants previously 
operated. 

The plant is located on the famous Santa Monica beach and 
adjoins the North Beach Bath House, to which it sells the warm 
salt water discharged from its condensers for the purpose of supply- 
ing the swimming tanks. It also supplies both heat and light to 
the Arcadia Hotel close at hand. The power station is on the 
beach just under the edge of the bluff. Condensing water is taken 
from the ocean through a pipe running out on the pier. The 
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FOUR VIEWS OF THE SWITCHBOARD AT SANTA MONICA 


general plan of the power house and arrangement of machinery was designed and 
built by Charles C. Moore & Co., of San Francisco. 

There are two Hamilton-Corliss engines, built by Hooven, Owens & Rentschler 
Company, Hamilton, Ohio. The large one, which is direct-connected to a 400-kilo- 
watt alternator, is a cross-compound condensing engine, 34 and 18 by 42 inches, and 
runs at 100 revolutions per minute. It is provided with an individual Wheeler 
marine type condenser. A Davis regulating valve permits the steam to be shut off 
from the high pressure cylinder and the engine to be operated by the low pressure 
cylinder alone on short notice, the change being accomplished by t hemovement of a 
single valve handle. As mentioned before, the condenser discharges into the swim- 
ming tank of the bath house adjoining. If the water in the tank becomes too warm 


‘a by-pass is used. The baths have a capacity of 250,000 gallons. The Arcadia Hotel 


baths are also supplied with salt water. The steam heating of the Arcadia Hotel is 
supplied with live steam through a Davis reducing valve. A Blake automatic relief 
valve is provided to open the exhaust to the atmosphere in case of accident. 

The condensed water delivered by the air pump is discharged into a combined 
hot wéll and separator, and the cylinder oil is extracted from it by passing the 
water through straw. The two boiler feed pumps are 5-inch stroke with 5%-inch 
steam and 23{- inch water cylinders, made by the Laidlaw, Dunn, Gordon Com- 
pany. They pump the feed water from the hot well through a Goubert heater, 
supplied from the exhaust of the pumps, and then through Green economizers, which 
are placed near the base of the stack at one end of the boiler room. The economizer 
scrapers are driven by a tWwo-horsepower, three-phase, induction motor. The stack 
is only thirty-five feet high, and forced draft is afforded by either one of two steam- 
driven ninety-inch fans running at 300 revolutions per minute maximum. These 
were built by the Buffalo Forge Company. 

The boilers are Babcock & Wilcox, one of 400 horsepower and four of 200 horse- 
power rating. As in all steam plants in southern California, crude oil is burned for 
fuel. This oil is obtained nearby, and has an asphalt base. It is very thick and 
viscous and has to be warmed before it can be successfully used in an oil burner. 
Chapman high grade valves are used on the entire plant. There are two three-phase 
General Electric generators, one a 400-kilowatt direct-connected revolving field 
machine, and the other a 200-kilowatt belted machine, also of the revolving field 
type. Both deliver current at sixty cycles and 2200 volts, at which electromotive 
force current is distributed throughout Santa Monica to transformers for lighting 
service. The main switchboard has a generator panel on each end and three feeder 
panels between. 

The large generator panel has a double-throw triple-pole oil-break switch, one 
main exciter double-pole switch, a field rheostat for the exciter, a field rheostat for 
the generator, two ammeters, one voltmeter, and a synchronizing plug. 

There is one feeder panel for the high tension line, one for a special feeder to the 
Soldiers’ Home and one for the local Santa Monica -listribution. Each of the first 
two has a triple-pole double-throw oil-break switch for throwing the feeder onto 
either the upper or lower bus; a recording wattmeter, three ammeters and a voltmeter. 
The Santa Monica feeder panel has three single-phase circuits going out from it and 
is equipped like any single-phase feeder panel. 

The three single-phase feeders are provided at the switchboard with General Elec- 
tric ‘‘C. R’’ type compensating regulators which will raise or lower the voltage 10 per 
cent. The arc lighting of Santa Monica is done by means of General Electric alter- 
nating current series arcs supplied from two twenty-five-light ‘‘tubs’’ or constant 
current transformers. 

From the high-tension feeder panel on the main board three 100-kilowatt General 
Electric oil-cooled high-tension transformers take current and ‘‘step up’’ the electro- 
motive force to 22,000 volts. The out-going high-tension board is equipped like the 
high-tension boards in the substations, described below. 

The substations are of brick and concrete, with an office in one end and the trans- 
former room in the other. All of the substations have the same apparatus, so there 
is uniformity throughout. Each substation has three 50-kilowatt oil-cooled and 
insulated General Electric transformers stepping down from 22,000 to 2,200 volts. 
The three incoming leads are provided with General Electric fuses, each consisting of 
a flat aluminum strip eight inches long held between spring tension terminals and 
clamped between two lignum-vite blocks with an opening in the block opposite the 
center of the fuse. There are also knife switches in the incoming 22,000-volt leads. 
The switches have no handles; but are operated by a long wooden pole with a hook 
on the end. These knife switches are shown in the upper right-hand corner of the 
board at the Long Beach substation. The fuses are behind the board. On each of 
the 2200-volt secondary leads there is a quick-break triple-pole oil switch located just 
below the high-tension switches. 

There are three single-phase lines taken out of each substation. Each is fused 
with a General Electric enclosed fuse, and each phase has an ammeter, a two-pole 
knife switch and a General Electric potential regulator. At the left is a voltmeter 
which can be used on any of the three circuits by plugging in. The fuses and 
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DIAGRAM OF THE ENGINE ROOM OF THE SANTA MONICA PLANT, BOILER ROOM WALL REMOVED 


high-tension switches are well provided with are guards. Dur- 
ing the early part of the evening a man stays at each substation 
to watch the voltage; the rest of the time the sub-station is unat- 
tended. Although no power work has been taken on as yet there 
are irrigating pumps aggregating 800 horsepower scattered along 
the line that are now operated by gasoline and steam engines and 
these will probably be secured as customers. 

There are forty miles of high-tension line; but the longest. dis- 
tance over which current is transmitted is. thirty-five miles. The 
transmission line consists of three No.6 medium hard drawn cop- 
per wires on ‘‘Provo No. 1’’ glass insulators furnished by the Hem- 
ingray Glass Company, of Covington, Ky. These insulators get 
their name from the 40,000-volt transmission plant at Provo, Utah, 
where they were first employed; they are 7% inches in diameter. 
There are also some Locke insulators. The insulator pins are 12% 
inches long over all, 8% inches from the top to the shoulder, and 
raise the insulator 4 inches from the cross-arm. The cross-arms 
and pins are boiled in linseed oil. The cross-arms are 44 inches 
long and carfy a pin on each end; the distance between wires is 
34 inches. 

The top of the pole is bound with iron wire and bored to re- 
ceive a pin which carries the top wire of the three-wire triangle. 
The line is transposed every mile. The telephone line is carried 
on brackets on one side of the pole four feet below the cross-arm 








of the transmission line. At transpositions of the telephone line 
brackets are placed on opposite sides of the pole. The telephone 
line is No. 12 B. B. iron wire, and is carrred on pony double-petti- 
coat glass insulators. The poles are spaced 130 feet apart; they 
are 35 feet long in the country and 40 feet long in the towns. 
The line is designed to transmit 500 kilowatts and is now carrying 
300. The apparent energy required to charge the line is 34 kilo- 
watts. The voltage is 16 per cent. higher at the far end than at 
the Santa Monica power house, due to the capacity of the line. 

It should be mentioned here in connection with the change from 
small power houses to substations in some of the towns that 
there are some old 125-cycle 1,000-volt plants. The plant just des- 
cribed is 60-cycle. The discrepancy was provided for by connect- 
ing the primaries of two 1000-volt transformers in series and their 
secondaries in parallel, and going ahead with the old transformers 
at 60 cycles. 


‘“The courts have held that it is the duty of a municipality to 
exercise a careful supervision over the adjustment and regulation 
of the electric wires suspended over its streets, and that it is liable 
for injuries resulting from neglect of such duty,’’ states Mr. W. H. 
Merrill Jr., in an article on the ‘‘ State Control of the Electrical 
Hazard,’’ appearing in the current issue of an insurance magazine.* 


* Insurance Engineering, Volume IV, page 531, December, 1902 
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BIOGRAPHICAL. 


ALMARIAN WILLIAM DECKER. 

Almarian William Decker is the man to whose memory even 
more than to that of any pioneer in consulting electrical 
engineering of long distance transmission of America I would 
offer this tribute of profound respect—of almost reverence. Other 
minds, possessed of the courage of conviction born of his unerring 
judgment, had the grit and the far-sighted business sagacity to 
venture their all into the unknown domain of power transmission, 
and to demonstrate by ripened returns the fulness of the views 
which he had instilled. Still other minds, restrained by a con- 
servatism which is not even now unknown, dared brand Mr. 
Decker’s opinions as at least impracticable. Yet today the 
engineering world, if it but knew, would unite in giving grateful 
acknowledgment to the man who was first to define present 
accepted practices in transmission- engineering, and who, though 
making his life struggle with the dread grip of tuberculosis, pos- 
sessed the indomitable will power to battle his opinions through 
to a successful issue against the seemingly insurmountable diffi- 
culties presented by the combined opposition of practically every 
other engineer with whom he had business dealings. Yet he did 
not live to see the fulfillment of his conceptions in the field of 
polyphase work. Nevertheless, the station he planned and all 
but finished is still in operation—the first commercial three. phase 
plant in America—and upon its circuits are still running in daily 
service the first three-phase induction and synchronous motors 
ever built in America. 

Such was A. W. Decker, a man of excellent family, though of 
humble youth, and a man of common school education, born with 
gifts of the purple of his profession. 





THE LATE ALMARIAN WILLIAM DECKER, ELECTRICAL ENGINEER 
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Mr. Decker came of prime New England ancestry, namely, of 
the Decker and Highley families. He was born in Turnbull 
County, Ohio, in 1852, and it can be said of him that when a 
child his playthings were ever of a mechanical trend, until he 
reached the age of probably twelve or thirteen years, when he first 
dabbled in electrical matters. One of the first products of his 
amateur skill was a little electric motor which was operated from 
a few cells of battery, and upon its completion, he, in accordance 
with a spirit that ever remained with him, lost further interest in 
it, but turned its value to good advantage by trading it off for a 
set of drawing instruments. In fact this little motor remained in 
operation in the window of a jeweler of Cleveland, Ohio, as an 
unwonted curiosity for many years. His mind delved into the 
secrets of electroplating, and he was barely twenty years of age 
when he had become a highly proficient electroplater. He next 
entered the factory of the Wheeler & Wilson Sewing Machine 
Company, where he took charge of its electroplating department, 
and during this period the patent office records attest his great 
activity as a chemist and inventor of electroplating methods. 
Indeed, the splendid exhibit of sewing machines at the Centen- 
nial Exposition was made doubly attractive by the superb finishes 
which he gave by many different platings to the products of his 
employers. Inthe meantime he had accepted the superintendency 
of the Union Metropolitan Telegraph, of Cleveland, which had 
produced some telegraph instruments that were considered to be 
of sufficient merit to warrant their exhibition, as well, in the 
Centennial Exposition, and it was while with this company that 
he obtained further experience in the installation of the first dis- 
trict telegraph and telephone systems ever built in Cleveland. 
His first electrical power work was with Charles F. Brush. 
Among his other inventions were a series of patents relating to 
safety devices for use on passenger elevators, as well as 
an electric wood rule marker, which was sold to the 
Lufkin Rule Company, of Geneva, Ohio, and has ever 
since been in use by that concern. 

Mr. Decker next entered the employ of Mr. W. B. 
Cleveland, proprietor of the Forest City Electrical 
Works, of Cleveland, in the capacity of superintendent, 
and here much experience in the way of general elec- 
trical installation was gathered. During all these years 
his work had been inseparable from electroplating, and 
constant and intimate association with the tasks imposed 
upon him proved ultimately disastrous to his respiratory 
organs, until at last, on account of hemorrhages, he was 
forced to give up:his position. For a year after he lived 
in Geneva, Ohio, where he became associated with the 
Lufkin Rule Company of that city, and then, in May, 
1891, he came to Sierra Madre, in Los Angeles County, 
California, bringing with him his wife and daughter, 
Marian. The quest for health proved not unavailing for 
atime, and many new friends were made, among whom 
was Professor C. G. Baldwin, of Claremont College, who 
had become imbued with the idea that it might be pos- 
sible to transmit power to be developed from the falls of 
San Antonio Creek to the cities of Pomona and San 
Bernardino. Professor Baldwin discussed the plans and 
project of the new enterprise with Mr. Decker, and Mr. 
Decker then, which was even as far back as the fall of 
1891, advocated the use of a three-phase, 10,000-volt 
transmission strenuously, particularly in view of the 
fact that it would be impossible to deliver power service 
by any single-phase transmission; but the absolute 
refusai of any electric company to build three-phase 
machines forced him to recede from his stand and to 
accept single-phase standard generators. 

His original specifications concerning this now historic 
plant are of interest. He proposed the installation of 
70-kilowatt generators as being of the most suitable size 
to meet all requirements, and the voltage of the gener- 
ators was to be ‘‘such as will involve the least construc- 
tional and electrical difficulties in step-up transformers.”’ 
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The armatures were furthermore specified to carry such 
“high voltage as they can safely be constructed to with- 
stand.” The blueprint accompanying these original specifications 
shows that it was contemplated that the generators should be run 
in parallel on both their primary and secondary sides, and they 
were to be of such size as would enable their arrangement ‘‘to 
provide for a sufficient capacity upon any circuit at a time, and 
to provide fora reserve to supplant defective transformers that 
may be cut out for repairs, each transformer being provided with 
double-pole switches in both primary and secondary leads.” In 
view of later developments it is interesting to quote in full the 
ensuing paragraph of the specifications relative to transformer 
voltages, ‘‘The step-up transformer is to step from the voltage 
of the station generator to 10,000 volts to be delivered to the line, 
which will provide for 1o per cent. loss at maximum load, 
delivered at 9000 volts to the step-down transformers, which will 
deliver 2000 volts to the distributing circuits. The variable”pres- 
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sure delivered to the step-down transformer under variable loads, 
causing variable efficiencies of line, may be compensated for at 
the station by corresponding variable initial pressures, provided 
the variation is found so great as to cause too great a variation of 
pressure upon the distributing circuits.” 

Mr. Decker’s specifications further proposed the use of oil 
insulators to support the line, as well as concluding that ‘‘the 
current of the long distance circuits will only be delivered at one 
point for distribution upon each of the respective circuits, in order 
to avoid difficulties of regulation that distributing at several points 
along the line would involve.” 

Thus was originally planned the system of the San Antonio 
Light and Power Company, familiarly known as the Pomona 
plant, which, as stated, contemplated a 10,000-volt transmission 
to Pomona, fourteen miles distant from the power house, as well 
as a transmission of twenty-eight miles from the power house to 
San Bernardino. 
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Early in the negotiations with the manufacturing companies it 
became evident that under no circumstances whatever would they 
attempt to build or install polyphase machinery, and these 
columns have related heretofore in a very interesting historical 
article by Professor Baldwin,* the difficulties which were con- 
fronted in the attempt to induce the manufacturing companies to 
build 10,000-volt. transformers. A modification of the original 
specifications therefore became a necessity, and Mr. Decker was 
thus forced to recede from the position he had taken and to 
finally make recommendations that were afterwards executed 
with minor changes. It is interesting to here present a verbatim 
copy of his recommendations: 


PoMONA, CAL., February 15, 1892. 
Mr. A. W. Burt, Secretary and General Manager, 
The San Antonio Light and Power Company, Pomona, Cal. 
DEAR Str—Having at your request reviewed the several propositions sub- 
mitted to your company by the several manufacturers of electrical apparatus, 





who propose to furnish equipment for your plant, embodying the general 
proposition and methods recently proposed by myself to your company, with- 
out herein entering into any discussion which would necessarily be lengthy 
and tedious in this connection, I beg to recommend in brief as follows: 

First. Westinghouse generators of 120-kilowatt capacity, 800 alternations, 
2000 Volts pressure. 

Second. Exciters for generators operated by independent wheeis, each 
exciter having sufficient capacity to excite all of the generators of the complete 
installation. If only one exciter is installed, at first, that it be provided with 
an extra armature for emergencies. 

Third. That the transformers all be of the same type, and of conversion, 
installed in series as proposed by the Westinghouse company, and that such a 
number of transformers be installed in series as will give the necessary voitage 
on line for transmission to allow of 10 per cent. loss in transmission, and that 
the pressure on the. line be raised to 10 000 volts, more or less, as business 
demands, by the addition of step-up and step-down transformers placed in 
series. 

Fourth. That transformers reduce pressure on line to 2000 volts for general 
distribution, and that transformers reduce from 2000 volts to 100 volts to incan- 


*THE. JOURNAL, Volume VII, page 5, 1899. 
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descent lamp circuits, and to fifty volts on arc light circuits, as proposed by 
the Westinghouse company. 

The above apparatus embodies all of the essential and desirable features of 
high voltage, and is flexible as to adaptation to the various demands of electric 
current for light, heat and power purposes. 

Very respectfully submitted, 
Yours, etc., 
A. W. DECKER, 
Electrical Engineer. 

In point of fact, the recommendations above presented were 
modified by the Westinghouse Electric and Manufacturing Com- 
pany so that the generators, as finally installed, delivered single 
phase current at a pressure of 1000 volts, and the transformers 
were wound in a ratio of one to one-half, that is with rooo-volt 
primaries and 500 volt secondaries, the primaries being connected 
in parallel across the generator leads, and the secondaries being 
connected in series. These transfromers (some are now in use 
in Los Angeles) were each of a capacity of six kilowatts, and being 
twenty in number, they delivered a potential of 10,000 volts. to 
line. In Pomona and San Bernardino, the same connections 
were followed out, but in a reverse direction, and as eighteen trans- 
formers were used, the received potential in each case was ap- 
proximately gooo volts. 

A strong personal trait in Mr. Decker’s character, rested in’ the 
fact that as soon as he had finished a piece of apparatus or in- 
stallation, and had placed it in successful operation, he was done 
with it for all time, inasmuch as he had profited by the experience 
it had taught him, and so, when the Pomona plant was finished, 
he promptly washed his hands of it and set about for new fields 
of activity. The opportunity was soon presented by the then re- 
cently organized Redlands Electric Light and Power Company, 
for which Mr. Decker became the consulting electrical engineer. 
The situation in Redlands differed materially from that’in the 
Pomona plant, because of the absolute necessity of supplying 
electric power in large sized units, and this, to Mr. Decker’s mind, 
could best be furnished by means of the three-phase system. 
The specifications which he prepared, invited bids to be submitted 
by February 5, 1893, and they form a remarkably interesting 
document. In fact such is their thoroughness that in the light of 
present day experience it is almost impossible to see how they 
could be improved upon, and when the time at which they were 
written is considered, they must be regarded as little short of a 
marvellous piece of engineering conception. In fact these speci- 
fications are undoubtedly the first ever prepared in America con- 
cisely outlining the practice which has since been universally 
adopted as the basic principles of transmission work. A brief re- 
view of them is therefore in order. 

It was specified that the three-phase system was to be employed 
throughout for the transmission of power and the operation of 
incandescent lights, and that the generators to be furnished were 
to be of the three-phase variety, ‘‘to deliver 5000 volts constant 
potential, to be compounded for to per cent. line loss, and to be 
designed to run in parallel.’ Three such machines were to be in- 
stalled, each to have a capacity of 120 kilowatts, and the auxillary 
apparatus was to consist of two exciters, each having sufficient 
capacity to excite the three generators. The switchboard equip- 
ment was discussed in detail, and all appliances were provided to 
enable the operation of the plant under methods that would insure 
satisfaction on a like system even at the present day. The 
thoroughness with which this was done will be appreciated when 
it is stated that ‘‘pressure regulators” were to be provided ‘by 
means of which the initial pressure of the distributing circuit in 
Redlands may be kept constant within 5 per cent. under variable 
loads.”” The station was laid out for parallel operation through- 
out, it being distinctly specified ‘‘that generators shall be run in 
parallel, the generator fields in parallel and the exciters in par- 
allel,” but that ‘‘the exciter fields must not in any way be con- 
nected together.” The line to Redlands was to have a drop of 
10 per cent. under full load, while a 150 horsepower synchron- 
ous motor to operate the plant of the Union Ice Company was to 
be supplied with current by a separate line circuit to have a drop 
of 3.7 percent. At Redlands a bank of transformers having a 
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capacity of 150 kilowatts was to be installed, reducing the line 
pressure of 4500 volts to 2000 volts for local distribution. These 
transformers, as well as the pole transformers, were to have an 
efficiency of not less than 96 per cent. All motors were to be of 
the three-phase type, and the motor at the ice plant was specified 
to have an efficiency of not less than 90 per cent. and to deliver 
150 mechanical horsepower from a 4800-volt three-phase circuit. 
It was to run at a speed of approximately 600 revolutions per 
minute. It was further pointed out that it was desirable to run 
the generators at a speed of 450 revolutions per minute in order 
to obtain direct coupling with the water wheels of the Pelton type, 
and also that ‘‘the number of phases per minute are to be proposed 
by the bidder, from which a choice will be made before the execu- 
tion of the contract.” 

It was evident from the subsequent developments, that some of 
the conditions imposed in these specifications were regarded by 
the manufacturing companies as being too heroic, for no com- 
pany was found that would undertake to build 5000-volt three- 
phase generators and to eliminate the use of step-down trans- 
formers in Redlands, as well as the installation of the substation 
for reducing the line voltage to the potential determined upon for 
use in the local distribution. 

Co-incident with the engineering work which had been under- 
taken in connection with the Redlands plant, Mr. Decker had 
been engaged by Professor T. S. C. Lowe to supervise the in- 
stallation of the electrical eyuipment of the Mount Lowe Railway, 
and it was while engaged in the engineering in conjunction with 
these two plants that his health broke down completely, and it is 
related of him that the last active work he did was on the electric 
road leading to the foot of the incline, and so emaciated was he 
at that time that he was carried on a cot borne by four men up 
the trail in order that he might be on the ground to give per- 
sonal attention to the erection of the machinery. 

This was the last act of Mr. Decker’s life, and upon his return 
home he was put to his death bed. Hedied on August 3, 1893, 
thus closing a life which, if it had been extended, could not have 
been otherwise than the most active in shaping the course of trans- 
mission development. As it is, the original Redlands plant will 
ever remain a monument marking the beginning of commerical 
polyphase work in America, and it is pathetic to think that its 
designer did not live to see even the completion of the building 
which housed it.—Gro. P. Low. 


BERNHARD A. BEHREND. 


MR. BERNHARD A, BEHREND has been made chief engineer of 
the Bullock Electric Manufacturing Company of Cincinnati, and 
the compliment thus bestowed upon him is one to which he is’ 
justly entitled, as the character and volume of the engineering 
work he has done during the two years he has been with the Bul- 
lock company justifies the belief that he is destined to rank with 
the ablest of engineers. He is undoubtedly one of the ablest de- 
signers of dynamo electric machinery in the United States. 

Mr. Behrend was born in Pomerania, Germany, May 9, 1875, 
and received his elementary education from a tutor at Varsin. 
The father of Mr. Behrend was a man of rare engineering ability, 
a quality that we find reflected and augmented in the genius of 
his son. In spite of the strong bent of mind toward pure science, 
which was shown at the Berlin Polytechnical Institute and Uni- 
versity, he finally decided to follow the more practical side and 
studied engineering under such eminent professors as Helmholtz, 
Kundt, Slady, Hiedler, and, fora short time, under Kapp. Enter- 
ing the employ of the Oerlikon Company at Zurich, Switzerland, 
he soon became assistant chief electrician, but Mr. Behrend left 
the Oerlikon Company in 1899, coming to the United States to live 
with his parents and to recuperate his health, which had been 
undermined by overwork. In 1900 he was engaged by the Bullock 
Electric Manufacturing Company as chief engineer of its alter- 
nating current department, where in two years’ time he has 
produced a line of machines ranging from the half-horsepower 
induction motor to the ponderous 5000-horsepower generator. 
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CHAS, F, SLOANE. 

Mr. CHAS F. SLOANE, founder of 
the electrical brokerage house of The 
Chas. F. Sloane Company, is a Bos- 
tonian by nativity and early rearing as 
well as by right of a long line of prime 
New England ancestry, but despite 
perfect loyalty to the State of his birth 
he is well acclimated as a Califorian, 
for he came to Los Angeles from his 
native city in 1887, when all the south- 
land of the Pacific Coast was in the 
throes of the greatest land boom in 
history. That was sixteen years ago, 
and since then Mr. Sloane has been engaged in the brokerage 
business in one line or another without interruption. Suffice it to 
sav that he is every inch a business man, and every inch a good 
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fellow. 

Five years ago the Los Angeles Lighting Company considered 
the laying of an underground cable through certain streets of 
the city of Los Angeles and Mr. Sloane, with the un- 
erring judgement of a true salesman, secured the 
southern California agency for the Standard 
Underground Cable Company, of Pittsburg, 
with the view of ‘‘landing”’ the order. This 
idea, and the fact that Mr. Sloane did 
“land”? the order of the Los Angeles 
Electric Company, was the inception of 
the business of The Chas. F. Sloane 
Company, which is today without 
doubt the largest and most successful 
electrical brokerage concern west of 
the Rocky Mountains. 

But to return to its early history; 
Mr. Sloane’s success in securing the 
underground cable order named led 
to his territory as sales agent of the 
Standard Underground Cable Com- 
pany being extended so as to in- 
clude the entire Pacific Coast, with 
headquarters in San Francisco, where 
Mr. Sloane had resided for a time 
previous to locating in Los Angeles. 
Accordingly, in the summer of 1899, 
his office was moved to San Francisco, 
and shortly after another contract of im- 
portance was secured in the order for the 
making and installation of underground 
cables for the Independent Electric Light and 
Power Company, of San Francisco, which was 
the largest contract of its kind ever placed west 
of Chicago and as the result of which the Standard 
Underground Cable Company established a cable fac- 
tory in Oakland, which is the only one of its kind in the West. 
In the meantime the sales representations of other electrical man- 
ufacturing concerns of merit were gradually accumulating and the 
business began to assume extensive proportions, but nevertheless 
the affairs of the Standard Underground Cable Company remained 
uppermost in point of business import- 
ance. A year after the order for cables 
for the Independent Company was 
secured Mr. Sloane went to the City of 
Mexico in the interest of the Standard 
Underground Cable Company, where 
against the competition, of French, 
German, English, as well as other 
American manufacturers, he secured 
the contract for furnishing and install- 
ing the cable for the Compania Ex- 
plotadora de las Fuerzas Hidros-Elec- 
tricas de San Ildefonzo, which is the 





A. B. SAURMAN 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


















CHAS. F. SLOANE 


largest installation of the kind ever 
placed in the Republic of Mexico. 
In view of the fact that the purchasers 
were strongly in favor of European 
methods of installing cables, which 
consists of armoring the cable with 
steel tapes, and burying it in the 
trench without conduit or duct, it was 
necessary for the Standard Under- 
ground Cable Company to add to its 
Perth-Amboy factory an extensive 
plant for the manufacture of this type 
of cable. This was done, and the cable 
was installed in the manner described, 
native peon labor being employed. In the meantime other im- 
portant cable business was being secured for the Standard Under- 
ground Cable Company, principal among which were the under- 
ground systems of the Western Union Telegraph Company, the 
acific Postal Telegraph Company and portions of the underground 
cable system of the Pacific States Telephone and Telegraph 
Company, all being in San Francisco. In addition a 
considerable quantity of underground cable was 
sold to the Home Telephone Company of Los 
Angeles, to the City of Seattle for its munici- 
pal Fire Alarm and Police Telegraph sys- 
tems, to the Pacific States Telephone and 
Telegraph Company for its underground 
system in the city of Tacoma, and 
finally to The Seattle Electric Com- 
pany for its undergronnd distribution 
other than for the low tension service 
rendered through standard Edison 
tubes. The cable for Seattle has 
just been finished at the Oakland 
factory and is now in course of in- 
stallation. The Standard Under- 
ground Cable Company have just 
concluded arrangements for enlarg- 
ing their manufacturing plant in 
Oakland, which 
tated by the rapidly increasing busi- 
ness on the Pacific Coast. 
These matters have been mentioned 
thus fully to emphasize the fact that 
practically all of the important under- 
ground cable installations on the Pacific 
Coast have been sold by Mr. Sloane who. 
regardless of his presidency and manager- 
ship of The Chas. F. Sloane Company, still 
administers the affairs of the Standard Under- 
ground Cable Company on the Pacific Coast in an 
individual capacity. 
ed so rapidly that Mr. Sloane has found it necessary 
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has been necessi- 


The cable business has develop- 


to secure competent assistance in this line, in consequence of 
which he has added to the force of his San Francisco office Mr. A. 
B. Saurman, who has for the last ten years been associated with 
the Standard Underground Cable Company and intimately con- 
nected with the laying of some of its largest installations. After 
having obtained invaluable experience 
in this character of work at Philadel- 
phia, Pittsburg and New York, Mr. 
Saurman was made assistant manager 
of the New York office of the Stan- 
dard Underground Cable Company. 
Later he was manager of the Boston 
office of the same company, in which 
position he was showing highly satis- 
factory results when he was secured 
by Mr. Sloane as salesman and en- 
gineer for the cable interests which 
the latter personally represents. 
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It has already been stated that after coming to San Francisco 
Mr. Sloane took lines of electrical agencies from time to time as 
particularly favorable accounts became available, and the increase 
in his business as a broker in electrical supplies kept quite apace 
with that of his underground cable interests. As a result the busi- 
ness grew to such proportions that it was incorporated under the 
name of The Chas. F. Sloane Company, which is the only strictly 
brokerage concern in the electrical supply line maintaining offices 
at points on the Pacific Coast other than San Francisco and oper- 
ating so large a force. In fact, it is claimed without fear of con- 
tradiction that it is far in the lead of all other strictly brokerage 
concerns in this line west of the Rocky Mountains—a situation 
which may be partly accounted for by the fact that Mr. Sloane, 
through nearly seventeen years of residence and business experi- 
ence on the Pacific Coast, is perfectly familiar with coast trade 
conditions, and that, having been selling goods on commissions 
practically all his business life, he has become possessed of at 
least an average understanding of the conditions requisite to suc- 
cess in merchandise brokerage. A mere reference to the principal 
agencies which the corporation holds will suffice to show the 
magnitude of its business. There are, for instance, Pass & Sey- 
mour, Inc., manufacturers of electrical porcelain specialties; Hem- 
ingray Glass Company, manufacturers of Provo-type and other 
high-tension and standard glass insulators; the Crouse-Hinds 
Electric Company, manufacturers of knife switches, switch- 
boards and panel boards; the Safety-Armorite Conduit Company 
of Pittsburg, manufacturers of the well-known ‘‘ Loricated ’’ con- 
duit; the Standard Vitrified Conduit Company of New York, 
manufacturers of vitrified electrical subways and third-rail insu- 
lators, etc.; The Bryan-Marsh Company, manufacturers of the 
‘‘Imperial’’ and ‘‘Army and Navy”’ brands of incandescent 
lamps; the California Incandescent Lamp Company, which manu- 
factures a special high-grade incandescent lamp for the exclusive 
use of The Chas. F. Sloane Company, under the name ‘* Sierra ’’; 
the Hart & Hegeman Manufacturing Company, manufacturers of 
the genuine Hart snap and push switches; the Osborn Flexible 
Conduit Company, manufacturers of the new interior conduit 
known as ‘‘Flexduct’’; the United Telpherage Company of New 
York, exclusive manufacturers of a most interesting system for 
the handling and transportation of merchandise by electrical 
means; and the Craighead Engineering Company, manufacturers 
of electrical street railway appliances. Besides these there are a 
number of other accounts covering the entire field of electrical 
specialties and standard supplies so thoroughly that there is noth- 
ing required by any supply dealer or contractor which The Chas. 
F., Sloane Company is not in a position to furnish. At the same 
time, and in additon to the class of business already mentioned as 
having been secured by Mr. Sloane individually for the Standard 
Underground Cable Company, he has also developed other large 
business for the same concern in rubber insulated wire, submarine 
cables, etc., and the company is now shipping to its Oakland 
works a large stock of bare copper and weather-proof wire, for the 
manufacture of which the company has recently completed at 
Perth Amboy, N. J., the largest plant of its kind in America. 

The general offices of The Chas. F. Sloane Company are in the 
Mills Building, San Francisco, where six rooms are occupied, and 
in addition to these accommodations the company also maintains 
fully equipped offices in the Stimson Building, Los Angeles, and 
in the New York Block, Seattle, while an offiee is being arranged 
for in Portland and will be in active operation within sixty days. 
These branch offices are in no sense agencies, but each person 
connected with them is a salaried employe of The Chas. F. Sloane 
Company. The office and traveling force of the corporation num- 
bers sixteen people, who are distributed among the different 
offices. All the territory lying West of the Rocky Mountains is 
covered and all dealers in electrical supplies are regularly called 
upon by the company’s representatives. 

Other than electrical interests engross the further time and 
attention of Mr. Sloane, principal of which is the Pacific Cross 
Tie Company, of which he is vice-president. This concern, which 
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has offices in San Francisco, Seattle and New Orleans, manufact- 
ures machine-hewed railway ties by a process which is controlled 
by the company named, and the machines used are the only ones 
of the kind in the market. There is an extensive demand for 
machine-hewed ties, not only from steam, but from electric street 
railways, and the Pacific Cross Tie Company is in a fair way 
to become a very important factor in the business of producing 
railway ties. The president of the company is Mr. T. E. Gibbon, 
vice-president of the Salt Lake and Los Angeles Railway, which 
is now being built by Senator W. A. Clarke between Salt Lake 
City and Los Angeles. 

With reference to the personnel of The Charles F. Sloane Com- 
pany other than Mr. Sloane, Mr. H. M. Estes, vice-president of 
the company, is probably better known than any other person. 
Readers of THE JOURNAL are familiar with Mr. Estes’ career 
through a biographical sketch published in these columns some 
months ago, from which it is well known that, although a young 
man, Mr, Estes has risen more rapidly and probally to a position 
of greater trust and responsibility than any other salesman in this 
section of the country. Suffice it to say further than this that 
Mr. Estes’ long experience in the electrical trade and his great 
popularity in every circle make his qualifications complete. 

Mr. H. M. Vanzwoll occupies the position of manager of the 
Bryan-Marsh and incandescent lamp department of the business. 
In this he is ably assisted by Mr. S. W. Roberts, both being East- 
ern men, the former having gained his experience in Chicago and 
the latter at Cleveland, Chicago and other large incandescent 
lamp centers of the East. 

Mr. C. Weissblatt, who manages the business of the company in 
southern California and whose offices are on the fifth floor of the 
Stimson building, Los Angeles, first entered the electrical business 
in 1896 when he became a station attendant in the central station 
of the North River Electric Light and Power Company of New 
York City. This Company has since been absorbed by the New 
York Edison Company and the central station is now one of its 
substations. Mr. Edward Maher. Jr. was then the general man- 
ager of the North River Company, and through his recommenda- 
tions Mr. Weissblatt was successively promoted from time to time, 
so that his experience with the company named embraces the 
foremanship of every department in the central station from the 
construction gang up. In September, 1898, Mr. Weissblatt deter- 
mined to enter the commercial end of electrical business, and this 
determination resulted in his resignation from the North River 
Company to accept the general managership of the New York 
Electric Company, which was engaged in general electric con- 
struction in the city of New York. He remained in this capacity 
for exactly two years, and relinquished his duties to become man- 
ager of the city sales department of the firm of E. B. Latham & 
Co., New York, where he remained until November, 1902, when 
he came to California to accept the management of the Los An- 
geles office of The Chas, F. Sloane Company. 

Mr. C. A. Brown, who is about to assume the duties of manager 
of the Seattle office of The Chas. F. Sloane Company, began his 
career in the commercial sphere of electrical development, in the 
Boston office of the Electric Storage Battery Company, after 
which he entered the employ of the American Bell Telephone 
Company first in New York City, then later in Philadelphia. His 
next move thence was to Chicago where he became city salesman 
for the Western Electric Company, which position he held until 
recently when he was appointed to his present position with The 
Chas. F. Sloane Company. 


MARTIN HUGHES GERRY, JR. 


MARTIN HUGHES GERRY, JR., was born in Boston, Massachu- 
setts, October 16, 1868. While still young his parents moved 
West. In 1890 he graduated from the University of Minnesota, 
taking degrees of both mechanical and electrical engineering. 
Afterwards he entered Cornell University, taking post-graduate 
work in mechanical and electrical engineering, and special work 
in alternating currents,and securing a Master's degree. 
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Previous to entering 
college, Mr. Gerry had 
had considerable practical 
experience in drafting, 
mechanical construction 
and railway work. His 
first work, after gradua- 
tion, was with the 
Sprague Electric Railway 
Company. Later he was 
with the Thomson-Hous- 
ton Company, and for 
several years located at 
St. Paul in the railway 
and power department of 
this company. During 
this time nearly all the 
electric railway and many 
large power plants were 
constructed in the North- 
west. Mr. Gerry was 
connected more or less 
with the design and 
construction of these pioneer plants, including the street railways 
of St. Paul, Minneapolis, Duluth and the North Pacific Coast cities. 
After the consolidation of the Thomson-Houston and Edison com- 
panies he remained with the General Electric Company for several 
years. When work was commenced upon the Metropolitan Ele- 
vated Railway of Chicago, he entered the employ of the West 
Side Construction Company, which concern built and equipped 
this road, and remained with the same company as engineer during 
the construction period and afterwards was superintendent of 
motive power of the road, having in charge all power houses, 
shops and rolling stock. It will be Tecalled that the Metropolitan 
Elevated was the first elevated railroad in this country equipped 
electrically for regular service, and was from the first an entire 
success. 

After leaving the Metropolitan road, Mr. Gerry was engaged for 
some time with the Northwest Engineering Company in designing 
water power and transmission plants. He went to Montana in 
1898 to take charge of the engineering and construction for the 
Helena Water and Electric Power Company, at the same time 
building a dam and power plant on the Missouri River, for the 
transmission of power to Helena. The Helena Water and Electric 
Power Company has since been reorganized as the Missouri River 
Power Company, of which company Mr. Gerry is at present chief 
engineer and general manager. This company owns and operates 
a large power plant, located on the Missouri River, about eighteen 
miles from Helena, Mont., from which electrical power is supplied 
to the cities of Butte, Helena, and their environs. The distance 
from the power plant to Helena is eighteen miles, and the trans- 
mission at 11,000 volts. The distance to Butte is sixty-five miles, 
and the transmission at 57,000 volts. The power at Helena is used 
for lighting, street railway and industrial purposes, including the 
operation of one of the smelters of the American Smelting and Re- 
fining Company, and of ore concentrating mills, etc. At Butte 
the power is used in connection with the operation of the mines, 
smelters and mills of the Anaconda Copper Mining Company, 
Boston and Montana Mining Company, Butte and Boston Mining 
Company, Colorado Smelting and Mining Company, Parrott Silver 
and Copper Company, Washoe Copper Company, etc. 

Mr. Gerry is a member of the American Institute of Electrical 
Engineers, American Society of Civil Engineers, Western Railway 
Club, and several other engineering societies and clubs. 
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The annual report of the Connecticut Railroad Commissioners 
shows that during the last seven years trolley mileage in Con- 
necticut has grown from 317 to 517 miles. The capital stock was 
$8,604,240 in 1895 and $23,571,248 in 1902. The earnings were 
then $2,232,051, while now they are $3,937,771. 
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THE LESSONS OF A SERIOUS EXPLOSION. 
BY W. STUART-SMITH, CONSULTING ENGINEER. 


N explosion which occurred on the Progresso has called atten- 
A tion to a fact which all users, and certainly all experts who 
are responsible for the installation and care, of oil-burning 
plants should know, and, knowing, fully appreciate, that is, that 
all combustibles containing easily volatilized constituents or which 
are capable of, and liable to, mechanical comminution under con- 
ditions favorable to the retention of the particles of the com- 
bustible in the atmosphere, may produce mixtures which will, 
when bronght into contact with a flame or spark, explode with 
violence. As instancing explosions due to comminuted particles 
it is sufficient to call attention to the fact that, a few years back, 
before the possibility was realized and proper precautions were in- 
troduced, several disastrous flour mill explosions were due to flour 
dust floating in the atmosphere. 

‘‘The mysterious explosion on the Progresso ’’ were the words in 
which the press announced the disaster. There were no myster- 
ious explosions. They are all due to incompetence, overcon- 
fidence, carelessness, or that fruitful source of accidents generally, 
overconfidence born of long immunity. Explosions occur because 
conditions have been allowed to become favorable for explosion. 
The Progresso exploded because there was an explosive mixture 
in the tank or in some portion of the ’tween decks space and the 
explosive mixture existed because the conditons were such that it 
was possible for gases from the oil to become mixed with the air 
in explosive propottions, that is, because someone blundered. 

The statement is generally heard that the oil on the Progresso 
exploded, but that is an error. All mineral oils are hydro-carbons 
of great chemical stability and while they are combustible in a 
high degree they are never explosive. 
cularly unstable and with them explosions are caused by a break- 
ing up of the molecular combinations thereby setting free the con- 
stituents in the shape of gases. They contain within themselves 
all elements necessary for the sudden evolution of enormous 
volumes of gas, the only requisite being that dissociation be 
started. Hydro-carbons, on the contrary, are extremely stable 
chemical combinations and only undergo change when brought 
into contact with other substances for which their constituents 
have greater affinity than they have for each other. Brought in- 
to contact with oxygen under suitable temperature conditions they 
will inflame and if they be finely comminuted as spray or more 
perfectly comminuted as vapor and mixed with air in proper pro- 
portions combustion will instantly extend throughout the entire 
mass and explosion will occur. Depending upon the molecular 
structure of the hydro-carbons they will give off a greater or less 
amount of gas at any given temperature, the quantity being large 
at a comparatively low temperature if a considerable portion of 
the oil consists of light distillates. 

If, at a given temperature, the quantity of gas given off is so 
great that it will burn when a flame is brought into contact with 
it this temperature is called the flashing point if it the lowest at 
which flaming will take place. It is generally assumed that if 
this temperature is hign no danger can attend the use or storage 
of oil. This is an error and if the storage and use of oil known to 
have a high flash test is governed by the opinion that there is no 
danger, disaster is certain to come sooner or later. 

While a flash test is valuable as a preventive of the use of an oil 
which will give off gas freely, it by no means furnishes assurance 
that the oil tested is one from which no danger is to be appre- 
hended. All mineral oils in their natural state contain a greater 
or smaller percentage of light distillates and even if a test shows 
no flashing at a given temperature it is still certain that small 
quantities of gas are being given off and will continue to be given 
off at a temperature much below that at which the test was made, 
and these gases, slowly accumulating, will eventually reach a con- 
siderable volume. The fact that the tank may contain an open- 
ing to the atmosphere is of no value asa preventive of gas ac- 
cumulation because these gases are heavier than the air and will 
not rise through it and escape. On the contrary they will at first 


Nitro-carbons are mole- 








102 


gradually mingle with the air of the tank and produce explosive 
mixtures but eventually they will push the air out through the 
vent. When this occurs the gas within the tank will no longer be 
explosive but unless the tank is absolutely without vent, however 
small, to a cellar or other confined space the gas will gradually 
overflow into the space and mix with the air and sooner or later 
someone with a light will run into an explosive mixture. 

From a consideration of the fact that gases from the oil are 
heavier than the air may be found a possible explanation of the 
explosion on the Progresso. Two possible cases may be con- 
sidered, either the explosion was within the tank or without it, in 
the ’tween decks space, with the probability in favor of the latter. 
An examination would quickly have determined this. If the ex- 
plosion was within the tank the sides would have been thrust out- 
ward while if it was in the ‘tween decks space the sides of the 
tank would have been thrust inward. With a large tank nearly 
empty a large volume of explosive mixture could readily exist 
within the tank but explosion seems unlikely owing to the prob- 
able difficulty of approaching a light to the vent. Of course it 
might have been ignited by a spark from a rivet heating forge but 
the following explanation seems more likely: 

Assuming that, from some cause either because the oil contained 
a large proportion of light distillate or that it was heated by rivet- 
heating forges being placed near the tank, or both, a considerable 
volume of gas was being given off it would soon fill the tank and, 
overflowing the vent, drop down into the ‘tween decks space, at 
the same time spreading out and mixing with the air in explosive 
proportions. This mixture would at first form in the upper part 
of the ‘tween decks space and push downward, increasing in 
volume, until it reached a level where it could be exploded by the 
fires from the rivet heating forges. 

With oil, no matter how high the test, the only real safeguard 
is thorough ventilation of all spaces to which gases might possibly 
have access after they have filled and overflowed from the storage 
tank. By thorough ventilation is not meant simply an opening to 
the atmosphere. These gases, being heavier than the air, will 
tend to remain in any space and push the air out rather than the 
contrary. Thorough ventilation means one which will insure an 
air movement and cause a continual removal of the air from all 
parts of the confined space and its replacement. by an inflow of 
fresh air. An efficient air movement through the tank itself will 
prevent an accumulation of gas which can overflow into surround- 
ing confined spaces but as conditions are not always as they are 
thought to be, ventilation of cellars within which or under which 
oil is stored should be carefully assured. ; 

The present municipal requirement for oil tanks is that there 
shall be a pipe vent extending from the tank to the roof. The 
only value of this is to equalize pressure within and without the 
tank. It lets out air when the tank is being filled and lets it in 
when the tank is being emptied; also it prevents gas accumulating 
in the tank to a pressure above the atmosphere but it does not 
furnish the air movement necessary to prevent the gas displacing 
the air and completely filling the tank and overflowing into cellars 
through possible leaks in the tank roof. The only safeguards in the 
use of oil are, first, thorough ventilation, second, more thorough 
ventilation, third, beware of oil that is not dangerous and give it 
extra ventilation. 

A word about oil fires. The press dilated upon the enormous 
amount of water which was thrown into the Progresso without ex- 
tinguishing the fire. Water is useless in an oil fire as the oil 
simply floats on the water and being an exceedingly poor heat 
conductor it maintains its temperature at flashing point and will 
continue to burn until it is all consumed or until only a thin layer 
remains on the water. A few dozen bottles of the chemical extin- 
guisher usually found in all buildings would have been worth 
more than the water thrown and would probably have saved the 
Progresso. It would have filled the space above the oil with car- 
bonic acid gas and smothered the fire by preventing access of air. 


Sacramento, Cal., has an incandescent electric lighting business 
tn excess of the rate of two sixteen-candlepower lamps per capita. 
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STEEL TOWERS FOR A MEXICAN TRANSMISSION.* 
OBERT McF. Doble, consulting engineer of San Francisco, 
is completing plans for a most interesting long-distance 
transmission plant at Guanajuato, Mexico, for the Guana- 
juato Power and Electric Company, in which John Hays Ham- 
mond, C. A. Coffin and others are interested. The transmission 
line is to be 105 miles long, and the line voltage 60,000 volts. 
Although it has frequently been proposed recently to build trans- 
mission lines on steel towers several hundred feet apart, it now 
looks as if the Guanajuato plant would have the honor of being 
the first to actually put this idea in practice. The steel towers on 
this line will be 440 feet apart, making twelve spans to the mile. 
The conductors will be nineteen-strand copper cables; equivalent 
in conductivity to No. 1 solid copper wire. It is a well-known fact 
that wire cables have a greater tensile strength than solid rods of 
The use of copper cable in- 
stead of the solid wire, of course, makes it possible to use longer 
spans than could safely be employed with solid wire of the same 
conductivity. It is said that the tensile strength of the nineteen- 
strand copper cable, which is to be used,-will be from 60,000 to 
70,000 pounds, as against 40,000 for the solid No. 1 wire. 

The cross-arms and pins will be of iron. There will be but one 
three-phase line and one insulator for each wire at a tower. Since 
as a matter of practice at 60,000 volts repair work on one dead 
line would be impossible if there were another live line on the 
same poles or towers, it is not considered of any use to put more 
than one three-phase circuit on a tower or pole line. It is figured 
that the cost of the tower line will be no higher than for a first- 
class pole line. Longer spans were not decided upon because 
they would have necessitated the use of more than one insulator 
to a wire at the towers. As every insulator is a point of weakness 
in a line, the fewer insulators the better. 

In regard to iron pins and cross-arms it is considered that if 
wood pins are used, the breakdown of an insulator always means 
the destruction of the usefulness of the pin, and the pin must be 
renewed at considerable trouble and expense for labor. Some 
times the whole cross-arm is ruined. With iron pins and cross- 
arms, the insulators only need be replaced. The insulators will 
be Locke, porcelain, made in umbrella shape, a petticoat and a 
sleeve fitting over the pin. The umbrella and petticoat are glazed 
together and the petticoat and sleeve cemented together. 

The water power plant will be operated under a head of 320 
feet. Pelton water wheels will be used, and the generators for 
the four 1500-kilowatt units will be General Electric, as will all 
the electrical apparatus. 


A THIRD GREAT MANUFACTURING CORPORATION. 


FFICAL announcement is made that the directors of the 
() Stanley Electric Manufacturihg Company at a meeting 
held on January toth, passed a resolution providing that 
the capital stock of the company be increased from $3,000,000 to 
$10,000,000 and that the stockholders will meet on February 11th 
to approve this action of the Board. As will probably be surmised 
plans for this great increase of facilities have been under way for 
some time, to the end of placing the Stanley company on a basis 
to compete favorably with either of the two other great electrical 
manufacturers, the General Electric and Westinghouse Electric 
and Manufacturing Companies. 

Rumors have also been current ever since the acquirement by 
Mr. Wm. C. Whitney and his associates of an interest in Stanley 
stock, to the effect that negotiations were under way for the sale 
of control of the company to the General Electric Company. The 
authorative statement is now made that these rumors have been 
founded on nothing more than a misunderstanding of what really 
was taking place. 

As is stated elsewhere the Stanley company recently secured an 
order from the New York Edison Company.aggregating over half 
a million dollars for dynamos and other electrical apparatus, some 


*From the Electrical World and Engineer, Volume XL, page 869, November 
29, 1902. 
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of which is to’ be the largest ofjits kind ever constructed. This in- 
dication of thé invasion of the field of heavy work by the Stanley 
company is now amply verified. 

Moreover, funds will be provided by this increase of capital for 
certain important developments which the engineers of the com- 
pany have been planning for some time, among which is a new 
system of operation for heavy long distance electric railways which 
possesses marked advantages over systems previously experi- 
mented with. 


THE RATE OF UNDERGROUND FLOW.* 
BY PROF, CHARLES S, SLICHTER. 


ong and careful investigation has been made upon the rate of 

L movement of underground rivers in arid sections. To de- 

termine this interesting question measurements have been 

made in the river gravel of streams whose surface flows have 

ceased, and from such measurements more or less trustworthy 
results have been obtained. 

One of the most accurate and interesting of these is a series of 
experiments conducted by the writer along the valley of the 
Arkansas River in western Kansas. The method is an electrical 
one. A double row of inch and a quarter drive-wells is sunk 
across the channel of the river whose underflow is to be tested. 
The up-stream wells are then charged with a strong electrolyte, 
which dissolves and passes down the stream with the moving 
water. The passage of the electrolyte toward the lower well is 
shown by the gradual movement of the needle of an electrical 
instrument, and the final arrival at the well is shown by a sudden 
and strong deflection of the needle. It is exceedingly interesting 
to watch the gradual movement of the water, which can be traced 
from the beginning of the experiment in this indirect way. By 
this method the rate of flow ten feet below the bed of the 
Arkansas River was found to be two and one-half feet per day. 
Other experiments in the beds of the Honda and San Gabriel 
Rivers in southern California gave rates of three and one-half, 
four, five and one-half and seven feet per day. 

The knowledge of the underflow that exists beneath the gravel 
of all river valleys has been taken advantage of in arid sections 
of the West, where the running dry of streams deprives irrigators 
of their water supply. By excavating to bedrock in river gravels 
and building an impervious barrier across the channel, these 
underground waters are saved in sufficient quantities to be of great 
value to the farmer. A notable subsurface dam of this kind has 
been constructed on the Pacoima Creek, California, to furnish 
water for irrigation and domestic use. 


SHOOTING INSULATORS A PENAL OFFENSE. 


REFERENCE made by Dr. Charles Van Norden, in the 
presidential address delivered to the last convention of the 
Pacific Coast Electric Transmission Association, to legis- 
lation which had been enacted making it a penal offense to tamper 
with or injure transmission apparatus,f has called forth an inquiry 
from a subscriber for the text of the enactment referred to which 
would cover the shooting of insulators. 
It may be stated, in reply to this inquiry, that during the last 
session of the Legislature the following amendment to the Penal 
Code of the State was passed: 


An Act TO AMEND AN ACT ENTITLED ‘‘ AN AcT TO ESTABLISH 
A PENAL CODE,’’ APPROVED FEBRUARY 14, 1872, BY ADDING 
A Nrw SECTION THERETO, TO BE KNOWN AS SECTION 593. 

The People of the State of California, represented in Senate 
and Assembly, do enact as follows: 

Section 1. An Act of the Legislature of the State of Califor- 
nia, entitled ‘‘ An Act to establish a Penal Code,’’ approved Feb- 
ruary fourteenth, eighteen hundred and seventy-two, is hereby 
amended by adding 4 new section thereto, to be known as section 
number five hundred and ninety-three, and to read as follows: 


* Abstracted from a paper on ‘‘The Motion of Underground Waters,’’ re- 
cently published by the United States Geological Survey. 


’ THE JOURNAL, Volume XII, page 125, July, 1902. 
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593- Every person who knowingly and without the authority 
of the owner or the managing owner thereof, or who maliciously 
takes down, removes, injures, interferes with or obstructs any line 
erected or maintained for the purpose of transmitting electricity 
for any purpose whatsoever, or any part thereof, or any insulator 
or cross-arm, appurtenance or apparatus connected therewith, or 
severs or in any way interferes with any wire or cable thereof, is 
punishable by imprisonment.in the State prison not exceeding 
five years, or in the county jail not less than six months. 


THE CHEAPNESS OF GAS IN ENGLAND. 

Owing to local conditions such as the low cost of fuel and labor, 
gas is much cheaper in England than it is in the United States. 
For instance it is 3 shillings and 6 pence, or 94 cents in Birkin- 
head, 2 shillings and 6 pence or 60 cents in Liverpool, while in 
Wegham it sells at the exceedingly low rate of 1 shilling and 6 
pence or 36 cents—these rates being the cost to the consumer per 
1000 cubic feet. It is interesting to note that the item of labor is 
insignificant in comparison to that which is paid for the same 
commodity in this country. In England wages for gas works 
operators are as low as 16 shillings ($3.84) per week—hardly 
more than the American gas works laborer receives per day. 


AN INSTANCE OF 440-VOLT INDOOR LIGHTING. 
The University of Illinois has taken advantage of the perfection 
of the 220-volt incandescent lamp and the recent revision of the 
National Electrical Code of the Fire Underwriters, permitting the 
use of 500-volt distribution within buildings, by installing a 440- 
volt plant for the lighting of the five new buildings at Champaign. 
Two-phase alternating current will be used, and each phase will 
be treated as a single-phase circuit operated on the three-wire 
system, the neutral wire being supplied with current from an 
auto-transformer. Although the 220-volt lamp is somewhat less 
efficient than the 110-volt lamp, the difference will be of very little 
moment in this case, since the exhaust from the steam engine plant 

operating the generators is to be used in heating the buildings. 


‘‘SAN FRANCISCO AND THEREABOUT,’’ by Charles Keeler, the 
poet and writer of travel and nature essays. Published by 
The California Promotion Committee, San Francisco, Cal. 

This book aims to give brief pictures of the stirring past of San 
Francisco; of the days of the Spanish missions; of the pioneer 
days, when the spirit of adventure in the unparalleled quest for 
gold succeeded the romance of the Mexican life. A chapter is 
devoted to the bonanza and railroad kings, and the remainder of 
the book describes San Francisco as it appears today. The author 
takes us about the city streets, leads us through Chinatown and 
the Spanish quarter, shows us the bay in all its moods, journeys 
with us to Burlingame, Stanford University, and even as far as 

Mount Hamilton; introduces us to the charms of Berkeley, the 

home of the University of California, and the woodlands of Mount 

Tamalpais. The book concludes with a chapter on the great 

possibilities for growth in the city, industrially, commercially, 


and from the standpoint of art, literature and culture. 


‘*‘WORM AND SPIRAL GEARING,” by Frederick A. Halsey, associ- 
ate editor of the American Machinist. Hand-book No. 116; 
85 pages and 23 illustrations, Published by D. Van Nostrand 
Company, New York. Price, 50 cents. 

Justification for the publication of this hand-book is found in 
the still prevalent opinion among designers of machinery that 
worm gearing is necessarily short lived and of low efficiency, and 
in the fact that the methods of laying out spiral gearing are not 
as widely understood as the merit and convenience of that form 
of gearing make desirable. The theory of worm gearing is well 
fortified by the collection of facts which Mr. Halsey presents, and 
it points out clearly the proceedure to be followed in order to 
insure reliability, durability and efficiency. Both analytical and 
graphical methods of laying out spiral gearing are given in the 
hand-book, and these, it is believed, will meet the needs of all. 
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POWER IN THE GRAND CANYON. 

UR wonder at the power concentrated and coutrolled by 
man in the manifold uses of modern life supplants too 
often appreciation of the wonderful sources from which 

that power is drawn. Overhead swirl the rain clouds and under 
foot is the miracle of this old earth slipping away in a thousand 
thousand paths to the ever-calling, never-satisfied sea. But, 
storm-shod and intent on tomorrow, man passes on, heedless save 
of discomfort and thoughtless save of the pressure of life’s grow- 
ing competition. 

Some day such a one might, perhaps, because it cost little and 
could be easily done, stop over long enough on an overland 
journey to visit the Grand Canyon of Arizona. 

Standing on the rim of that mighty chasm and viewing its 
emptiness a sense of desolation would overpower him. 
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with many rest Sundays; soft air and light, gentle sappers and 
miners, toiling forever; the big river sawing the plateau assunder, 
carrying away the eroded and ground waste, and exposing the 
edges of the strata to the weather; rain torrents sawing cross- 
streets and alleys, exposing the strata in the same way in hun- 
dreds of sections, the softer, less resisting beds weathering and 
receding faster, thus undermining the harder beds, which fall, not 
only in small weathered particles, but in heavy sheer-cleaving 
masses, asisted down from time to time by kindly earthquakes, 
rain torrents rushing the fallen material to the river, keeping the 
wall rocks constantly exposed. Thus the canyon grows wider 
and deeper. So also do the side-canyons and amphitheaters, 
while secondary gorges and cirques gradually isolate masses of 
the promontories, forming new buildings, all of which are being 
weathered and pulled and shaken down while being built, show- 


PANORAMIC VIEW OF EROSION BY THE COLORADO RIVER 


‘It has been torn by some tremendous force,” he would say, 
‘‘a great power has wrenched and twisted and plowed this 
ground.” 

And for a moment the awe of being near the unknown might 
creep in on him, his heart harking back to the savagery of his 
ancestors. The canyon would become alive. In and out around 
the buttes and minarets and multitude of mountainous rifted rock 
fortresses, would flow the soul of its creation—personified Power. 

But the real power of the Grand Canyon stilbflows over its floor, 
carrying away, piecemeal, the walls and heaped up rocks as it has 
done since the beginning. And some there are who have seen its 
work with appreciative eyes, as one who speaks in these words:* 

“All must admire effects so great from means apparently so 
simple: rain striking light hammer-blows or heavier in streams, 


*Mr. John Muir, in Century, November, 1902. 


ing destruction and creation as one. We see the proudest temples 
and palaces in stateliest attitudes, wearing their sheets of detritus 
as royal robes, shedding off showers of red and yellow stones like 
trees in autumn shedding their leaves, going to dust like beautiful 
days to night, proclaiming as with the tongues of angels the 
natural beauty of:death. 

Every building is seen to be a remnant of once continuous beds 
of sediment—sand and slime on the floor of an ancient sea, and 
filled with the remains of animals, and that every particle of the 
sandstones and limestones of these wonderful structures was 
derived from other landscapes, weathered and rolled and ground 
in the storms and streams of other ages. And when we examine 
the escarpments, hills, buttes, and other monumental masses of 
the plateau on either side of the canyon, we discover that an 
amount of material has been carried off in the general denuda- 
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tion of the region compared with which even that carried away 
in the making of the Grand Canyon is as nothing. Thus each 
wonder in sight becomes a window through which other wonders 
come to view. In no other part of this continent are the wonders 
of geology, the records of the world’s auld lang syne, more widely 
opened, or displayed in higher piles. The whole canyon is a 
mine of fossils, in which 5000 feet of horizontal strata are exposed 
in regular succession over more than a thousand square miles of 
wall space, and on the adjacent plateau region their is another 
series of beds twice as thick, forming a grand geological library 
—a collection of stone books covering thousands of miles of 
shelving tier on tier conveniently arranged for the student. And 
with what wonderful scriptures are their pages filled—myriad 
forms of successive floras and faunas, lavishly illustrated with 
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which will indicate the successful. methods which are now in 
operation in such form as to be of immediate value to electrical 
engineers. It is within the scope of the committee to secure data 
upon line construction, insulators, pins and the like, and the con- 
ditions of operation at different voltages and under different 
climatic conditions; to investigate methods of testing insulators 
and to indicate the method or methods which in its judgment are 
superior. Also to ascertain the methods employed for voltage 
regulation, the conditions attendant upon the switching of high 
tension circuits, and to collect data respecting lightning and 
static disturbances and the use of grounded protective wires.” 

In accordance with this resolution and the plan of proceedure 
which has been outlined, the transmission committee proposes to 
carry out the following program: From time to time a member or 





A GLIMPSE OF THE COLORADO RIVER AND ITS WORK 


colored drawings, carrying us back into the midst of the life of a 
past infinitely remote. And as we go on and on, studying this 
old, old life in the light of the life beating warmly about us, we 
enrich and lengthen our own. 


AN INSTITUTE TRANSMISSION COMMITTEE. 


N action of great importance to the electrical transmission 
interests of the country, if not-of the world, has rgcently 
been taken by the board of directors of the American In- 

stitute of Electrical Engineers in the adoption of a resolution au- 
authorizing the appointment of a transmission committee for the 
purpose of collecting and disseminating information relative to 
successfyl transmission methods. And in conformity with this 
resolution there have been appointed as members of the trans- 
mission committee Mr. Ralph D. Mershon, chairman, and -Messrs. 
F. O. Blackwell, C. C. Chesney, P. M. Lincoln and R. S. Masson. 
It is probable, however, that Mr. Masson’s duties are too many 
and too arduous to permit his serving. 

To particularize, the resolution under which the committee was 
appointed and is acting sets forth: ‘‘That a committee on high 
tension tratismission, consisting of five members, be appointed 
for the purpose of collecting data respecting present practice in 
electric transmission at high voltage, and of presenting a report 


members of the Institute, who are well qualified to do so, will be 
asked to prepare an ‘‘Introduction to a Discussion’’ on some 
particular topic relating to hightension transmission. This intro- 
duction will be written under certain well defined heads, and will 
embody the ideas of the member or members preparing it, upon 
the subject to be discussed. The ‘‘Introduction” will be printed 
and sent out tothe members of the Institute some considerable 
time previous to the meeting at which the discussion will take 
place, so that the members not able to be present at the meeting 
may take part in the discussion by mail. In contributing to a 
discussion it is requested that the matter under discussion be 
taken up under the several heads and in the manner made use of 
in the ‘‘ Introduction,” and that following the treatment of these 
heads there be introduced any other matter which the ‘‘contrib- 
utor” may deem advisable. When a member takes part, by mail, 
in more than one of the discussions taking place at the same 
meeting, itis requested that he embody his several ‘‘contribu- 
tions’’ in separate letters. ‘‘Contributions” will be read at the 
meeting for which they are intended, either in full, in abstract, 
or as a part of a general statement giving a summary of views of 
those persons taking a similar position in the matter under dis- 
cussion, depending upon the merit of the contribution and the 
clearness of statement of the position taken. In the former two 
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MARINE VIEW ON SOUTHERN PACIFIC “ COAST LINE” 


cases they will be read in the name of the member contributing. 
It should be borne in mind that the ‘‘Introduction”’ is written in 
order to provoke discussion, and that there should be no hesitancy 
in attacking it if it does not agree with the opinions of a con- 
tributing member; that the “‘Introduction,” not the writer of it, 
is put up as a target at which is to be leveled vigorous criticisms 
and argument in case of dissent. On the other hand, if the *‘con- 
tributor’’ agrees with the matter of the “‘Introduction,” either as 
a whole or in part, he should state the fact. It should be further 
borne in mind that the principal object of this scheme is to enable 
and encourage those not in a position to attend meetings to take 
part in discussions, so that any conclusion arrived at will be those 
of the Institute rather than of a few men attending the meetings 
and taking part in the discussions. If a member does not feel 
himself qualified to discuss certain portions of an ‘‘Introduction”’ 
but is able to discuss other parts, it is to be hoped he will con- 
tribute in regard to the latter. 


THE COAST LINE. 


F you would take ‘‘ a little journey in the world ’’ that is wholly 
attractive and satisfying, run down the Coast Line of the 
Southern Pacific to Santa Barbara and beyond. Some day the 

greater part of the route will be lined with splendid villas, the 
country seats of men of affairs in the cities of half the world, drawn 
here at once by the beauty of the scenery and the charm of the 
climate. Fronting the ocean, and rising terrace-like from beach to 
oak-clad slopes, and rounded hills, and misty camp of mountains, it 
is altogether a charming region, and all the year round has such 
an atmosphere—such climatic comfort as cannot be matched out- 
side of California. 

Engineers study economy and “ gradients ’’ and ‘‘ curves,’’ and 
discount scenery, but much of the route is very picturesque, and 
when a century of culture has. been added to the work of time the 
traveler will think often of Italy, and the choice of the wise old 
padres will be justified by generations yet to come. 

Over the Santa Lucia Mountains, through rich bottoms, across 
wide canyons, among park-like groves of oak, in sight of vast 
flower fields and seed farms, with 
blue mountain, walls in the dis- 
tance, then for a hundred miles 
the blue waters of the Pacific close 
by the track, the white surf cream- 
ing gently up over the sand, or 
breaking fiercely against the rocks; 
the rich color of the channel at 
Santa Barbara; Alcatraz Landing; 
Naples with beach and headland; 
El Capitan with its broad canyon 
crowded with splendid oaks; Goleta 
Valley with its walnuts and 
oranges; Santa Barbara in the 
beauty of mountain and sea; then 
the oil wells in the ocean, and the 
delightful ride beside the sea to 
Ventura. ‘‘When these hills are 
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green,’’ said an appreciative con- 
ductor, ‘‘ and the water has its Jan- 
uary blue, and the tourists come 
out of their Eastern ice-box—you 
ought to hear ’em.’’ Another 
Santa Clara Valley rich in fruit; 
then San Fernando and its olive 
orchards, and at the end Los 
Angeles, the Damascus of the 
West. 

At San Fernando a pathetic old 
mission reminds us that all the way 
is lined with these artistic creations 
of men who knew more about 
litanies than architecture, yet have 
left {behind them the beauty of 
Italy and Spain, quaint ‘‘mud cathedrals’’ that fit the landscape 
and exhale reminiscence and inquiry. Taken all in all, it is the 
greatest shore line in the world. 


INDUSTRIAL. 


AMERICAN MACHINERY IN KOREA, 


P AHE American Government has received from its Minister in 
Seoul, Korea, extracts from a report published in a Japan- 
ese newspaper, in which very favorable mention is made 

of the plant of the Seoul Electric Company, which is said to be 

the largest single electrical plant in Asia. It was built for the 

Corean Company by an American firm—Collbran & Bostwick— 

which holds the property under mortgage. 

The Seoul Electric Company operates an overhead trolley line 
some twelve miles in length, and from the same generator furn- 
ishes incandescent and are lights for the city. The generating 
machinery consists of two 120-kilowatt, double-current, Westing- 
house generators, the boilers being of the Babcock & Wilcox type. 
The special point about the generators is that they produce direct 
current at 550 volts for the use of the cars, and at the same time, 
from the other side of the armature, they produce alternating 
current for the electric lighting circuits. There are something 
over 1400 incandescent lights, besides the arc lights, in use. High 
voltage alternating current is most advantageous for a city like 
Seoul, where lights are scattered over long distances. The con- 
sulting engineer is a Japanese, who graduated from the Massachu- 
setts Institute of Technology, and the account adds that the rail- 
way is well patronized by the natives. Its general features are pre- 
sented in the views on the opposite page. 


Mr. A. B. Saurman, formerly manager of the North Eastern 
Sales Department of the Standard Underground Cable Company, 
Boston Mass., and recently appointed manager of the Pacific 
Coast Sales Department, with headquarters at San Francisco, has 
arrived in the city and entered into his new duties. 
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SOME STORAGE BATTERY APPLICATIONS. 

T will be of undoubted interest to learn of the varied applica- 
tion of storage batteries on the Pacific Coast. Their largest 
field for service has been in connection with railway systems, 

hence this brief resume of battery installation will first describe 
railway plants which use battery auxiliaries. 

The San Diego Electric Railway Company has been operating a 
battery in connection with its generating station for the past three 
years. This battery was installed instead of a generating unit, 
for the reason that, as the steam plant was sufficiently large to 
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plied with gas from crude oil, the oil being gasified by the heat of 
the exhaust gases which pass through a retort. Under these con- 
ditions the necessityof a steady load are quite apparent, as it is 
impossible to have a reservoir of gas from which to draw: should 
a sudden and excessive load be thrown on the engine. This bat- 
tery is also used to take the entire load during certain hours of 
the day and during certain seasons of the year it runs the entire 
load for weeks at a time, simply floating on the feeder system and 
deriving its charging system from the main power house through 
the feeder wires. Itwas unnecessary to install a duplicate engine 
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INTERIOR AND EXTERIOR VIEWS OF THE STATION OF THE SEOUL ELECTRIC COMPANY, SEOUL, KOREA 


supply the average load, it was necessary only to reduce the peaks, 
and thereby increase the load factor, to increase the capacity of 
the station as required. By adopting this method the consump- 
tion of fuel per kilowatt output was materially reduced and the 
wear and tear on generators and boilers was also reduced. 

About a year ago the San Jose and Santa Clara Railway Com- 
pany installed a storage battery to operate in connection with a 
Westinghouse gas engine and generator for supplying power to 
its Alum Rock division. This battery plant regulates the fluctu- 
ations of current on the generator so as to allow the gas engine 
to work under a constant and normal load. This engine is sup- 


foremergency shut-downs, as the battery will take the entire load 
for a short time to allow for repairs. 

The Seattle Electric Company has recently installed three of 
the four batteries to be ultimately used on its inter-urban railway 
system.* These batteries are auxiliary to motor-generator sub- 
stations, taking care of the fluctuations and thereby maintain- 
ing a constant load on each motor-generator, and therefore the 
entire system, thus reducing the amount of generating and trans- 
mitting machinery to a capacity sufficient to supply the aver- 
age demand. These substations are furnished with a current 





* See editorial comment on page 83 of this issue.—THE Epiror. 
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from the water-power station at Snoqualmie Falls, but this water- 
power plant is supplemented at times by a steam plant. The im- 
proving of the load factor is of equal importance in either case. 

The North Shore Railway Company is installing a storage bat- 
tery plant to operate in connection with its new third-rail electric 
railway system, now being built between Sausalito and San Rafael. 
It will regulate the heavy fluctuations of load that will be thrown 
on the station, which is to be supplied with power from the Bay 
Counties transmission lines, as well as being supplemented by a 
steam station. This battery is also installed to improve the load 
factor. 

The Oakland Transit Consolidated is installing a storage battery 
for the purpose of regulating the fluctuations of current on its 
steam plant and in order to increase the economy of operation 
and insure continuous service. 

The Los Angeles-Pacific Railway Company is installing a battery 
to be used in connection with its steam-power station to regulate 
the fluctuations of load, thereby increasing the capacity of the 
station and the economy of operation. 

Another interesting installation in connection with railway sys- 
tems is the battery which the Nevada County Traction Company 
installed in Grass Valley some two years ago for starting its motor- 
generators. This battery takes the place of the usual induction 
motor used as a starting motor, the battery being used for either 


one of two motor generators. \PhiS battery supplies current to the~ 


direct-current side of the motor generator, bringitig it up to syn- 
chronism when it is thrown on the alternating current system and 
the battery cut out. The battery is charged during the day from 
the direct current side of the motor-generator. 

The Standard Electric Company has two large batteries installed 
in Oakland for the purpose of regulating, taking peak loads and 
insuring continuous service on its lighting and railway systems. 
It also has another large battery in San Jose for the same purpose. 
These batteries are operated in conjunction with the company’s 
transmission from Electra to San Francisco. 


In addition there are two important battery installations in- ~ 


stalled with Edison lighting systems, viz.: The San Francisco Gas 
and Electric Company has three large batteries, the oldest one 
having been in service about five years. This battery is used for 
taking the peak load during the evening hours and for regulating 
the voltage on the busbars. In case of efMmergency the battery 
may be switched on at a moment’s notice to.take the place of the 
generating unit until another can be put into operation, thus in- 
suring continuous service, 

The Edison Electric Company of Los Angeles has‘a battery in- 
stallation as mentioned in another article* in this issue, which is 
kept floating on the Edison three-wire’system during the whole 
twenty-four hours, theteby regulating the voltage and acting” asa 


reservoir so that in case of an emergency it will furnish current, 


for the entire direct current system aud sometimes furnishing cur- 
rent to the alternating current system through motor-generators. 

There are also several battery installations placed in connection 
with isolated lighting plants, among them being one at the Hearst 
estate, at Pleasanton, and another on the Crocker estate, at San 
Mateo. These batteries are charged during the daytime by gas 
engines and furnish current during the evening and_ night, thus 
reducing the expenses of operation and allowing the generators to 
carry steady, normal loads during the running hours, which is 
necessary to economical fuel consumption. 

A number of batteries have been sold to the United States Gov- 
ernment for different purposes. One which has been in success- 
ful operation for about two years is that installed on Angel Island 
at the quarantine station, in connection with a lighting plant for 
furnishing the different buildings and surrounding grounds with 
electric light. The engine is only run for a few hours of the day, 
the battery taking care of the entire load during the remaining 
hours, the economy of operation being due to the fact that the 
engine may be run for ashort time at full load. In addition, there 
are a number of batteries installed and in store for use in connection 
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with coast defense apparatus. These batteries act as auxiliaries in 
regulating the load on the power station, and they also guarantee 
continuous service in case any accident should happen to the gen- 
erating station or the transmitting lines during wartime. The 
batteries are, of course, not used to their full capacity, but are 
held in reserve, like all the rest of the apparatus at these fortifica- 
tions, 

After several years’ experience the Southern Pacific Company 
has found the use of storage batteries for its signal service to be of 
inestimable value, and they have been proven to be more reliable 
and of much less initial and maintenance cost than primary bat- 
teries. Some of these batteries are in service one month without 
being recharged. 

These installations, together with the many other uses of stor- 
age batteries, such as for operating phonographs, kinetescopes, 
electric bells, etc., demonstrate that the storage battery has entered 
nearly every field where electricity is used for commercial pur- 
poses. 

Below will be found a list of the batteries mentioned above, 
stating the number and type of cells installed. All are of the 
Chloride type, as manufactured by the Electric Storage Battery 
Company of Philadelphia: YR 








} 








Wame. ig . Location. Celts. TYPE pe| c Container. 
San Diego Electric Railway Co..|San Diego, Cal..| 264 |15 “tS F. glass jars. 
San Jose and Santa Clara R. Co.|San Jose, Cal....| 264 | 7 F.|15 F. glass jars. 
Seattle-Tacoma Int’urban R. Co./Kent, Wash......; 288 |17 @./23 G. tanks. 


Seattle-Tacoma Int’urban R. Co.|Georget’wn,Wsh| 288 |17 G.|23 G. tanks, 


Seattle-Tacoma Int’urban R. Co.|Sawmill, Wash..| 288 |15 G.|23 G. tanks. 
The Seattle Electric Co.......... Seattle, Wash....| 278 |23 “|23 G. tanks, 
North Shore Railway............ CorteMadera,Cal| 288 /|15 

Oakland Transit Consolidated...;Oakland, Cal....| 264 [15 lat G. tanks, 


Los Angeles-Pacific Railway Co..|Los Angeles, Cal} 264 {13 F.|19 F. tanks. 


Nevada County Traction Co..... Grass Valley, Cal| 272 | 5 D,|7 D. glass jars. 
Standard Electric Co............. San Jose, Cal.. 270 |23 G.\41 G. tanks, 
Standard Electric Co............. Oakland, Cal.. 270 |43 G.|41 G. tanks. 
Standard Electric Co............. Temescal, Cal.. 270 |33 G.\41 G. tanks, 
San Francisco Gas and Elec. Co./San Francisco... +} 450 |31 H.\51 H. tanks. 
The Edison Electric Co.......... Los Angeles, Cal) 140 |29 H.\29 H. tanks. 
Hearst Hatate....°* te csese vsce Pleasanton, Cal.. 62 |11 F./17 F. glass j jars. 
Crocket Matate.. sees vcciecesctes San Mateo, Cal.. 62 |13 F./|13 F. glass jars. 
Quarantine Station.............. AngelIsland,Cal) 60 |11 F./11 F. glassjars 
United States Army..............|/Ft Stevens,Wash| 162 |13 F./13 F. glass jars. 
Uuited States Army...../2....... Ft Columbia, Wn 58 |11 F.|11 F. glass jars. 


PUNARSE EPO AOPPHOOX” 


United States Army..... .|5 D. glass jars. 


5 G. tanks. 


oy Columbia Wn 40/5 





WHAT THE WESTINGHOUSE GAS ENGINE IS DOING. 
BY J, R. BIBBINS. 

HE gas engine central station is assuming material form in 

.fseveral recent projects for the utilization of gas fuel for 

» power and lighting purposes..A. complete equipment of 


‘gas genérators, gas engines and direct-connected generators is in 


process of installation in several important American industrial es- 
tablishmients, viz, The Winchester Repeating Arms Company, New 
Haveng.Conn.; the Atlantic Refining Company, Philadelphia, Pa.; 
the Cnsolidated Industries Company, Batavia, N. Y., and the 
Réckland Hiectric Company, Hillburn, N. Y. The first of these 
equipments to be put in service will be that of the Winchester Re- 
peating Arms,Company, at New Haven. The power house has 
been specially designed for the new gas apparatus, and the entire 
power, for’* manufacturing and lighting purposes will be furnished 
from this point. The engines are of Westinghouse make, of the 
standard vertical, three-cylinder single-acting type, aggregating 
500 horsepower. They are each direct-connected to 250-volt West- 
inghouse direct-current generators and are furnished with gas fuel 
from Loomis-Pettibone gas generators located in the adjoining pro. 
ducer room. Two additional engines of the vertical type are em- 
ployed as auxiliaries. Suitable gas holders are provided for insur- 
ance of continuity and uniformity of fuel supply. 

The power station of the Atlantic Refining Company will be 
equipped with a new type of Westinghouse gas engine, and a type 
new to American practice, viz., the horizontal, double-crank, 
double-acting engine. There will be two engines each of 500 
horsepower and each engine will be direct-connected to a 350- 
kilowatt, twenty-five-cycle, three-phase generator arranged for 
parallel operation. This feature is of much interest and import- 
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ance at the present time, aud presages further development in 
this branch of industrial enterprise. The engines will operate 
upon a rich oil gas of approximately 1200 British thermal units 
per cubic foot. 

The equipment of the Consolidated Industries Company is of 
still greater interest by reason of the arrangements for the most 
efficient utilization of the fuel supply. The plant will supply 
three products, viz., metallurgical coke, fuel gas and electricity. 
A special process will be used yielding metallurgical coke and fuel 
gas as a by-product. The electricity for lighting and power pur- 
poses will be generated at a central station employing 250-horse- 
power Westinghouse gas engines of the new horizontal, double-act- 
ing type, direct-connected to Westinghouse alternators operating in 
parallel and supplying current at 1100 volts to the distributing 
network. A smaller generating unit will also be used for light 
loads. The installation is an instructive application of processes 
having for their object the utilization of waste products. 

Another gas power enterprise, and one capable of certain ulti- 
mate development, is the Rockland Electric Company, which, 
together with the Ramapo Iron Works and the Ramapo Foundry 
Company, is comprised in the Snow interests. The installation 
will consist of an independent gas manufacturing plant employ- 
ing the Loomis-Pettibone process, and a power plant containing 


Westinghouse direct-connected gas engine generator units. The ~ 


producer plant will supply water gas to the iron plants mentioned for 
heating and metallurgical purposes, and electrical power to all 
industrial plants in the vicinity, including the Mawah branch of 
the Standard Brake Shoe Company, located about four miles from 
Hillburn. The plant will also supply current for lighting through- 
out the Ramapo Valley District of some fourteen miles in extent, 
comprised between the towns of Ridgewood, N. J., on the south, 
and Hillburn, N. Y., on the north. The gas engines installed are 
also of the new Westinghouse horizontal, double-acting type of 
350 horsepower, each equipment aggregating 1200 brake horse- 
power, or 1240 brake horsepower maximum. The engines are 
direct connected to Westinghouse polyphase generators and con- 
structed to operate in parallel. A 128-horsepower vertical gas 
engine unit will also be employed for carrying light loads and 
assisting at peak loads. A small amount of direct “current power 
will be furnished for a short time from one of the main units, 
which will be temporarily a direct current unit, but it is the inten- 
tion to ultimately replace this direct current generator by an alter- 
nating current generator, thus converting the entire plant into a 
polyphase gas engine central station. 

These four installations, and especially that at Hillburn, should 
prove of considerable interest to gas engineers and manufacturers 
in general as representative of a decided and welcome advance- 
ment in the field of power development. The machinery will in 
all cases be furnished and erected by Westinghouse, Church, Kerr 
& Co., engineers, New York. 

THE WESTERN ELECTRIC SERIES ALTERNATING 

CURRENT ENCLOSED ARC SYSTEM. 


LTHOUGH but little more than two years have elapsed 
re since the first introduction of the Western Electric Com- 
pany’s system of series enclosed are lighting into public 
use, the success attained in practice, when viewed both from en- 
gineering and commercial standpoints, has fully met the most 
sanguine expectations. The system hes proved its own best ad- 
vertisement and the Western Electric Company’s facilities have 
been well taxed to furnish apparatus on reasonable delivery. In 
view of the increasing favor with which this system is regarded, 
and the consequent increased demand for apparatus, the company 
has extended its facilities for manufacture and installation, and 
have so perfected the system in all its details that it stands today 
unsurpassed in all the essentials that go to the making of a reli- 
able and economical system. 
This system possesses the following important advantages: It 
can be operated directly from mains or from transformers of the 
constant potential type, giving a much higher average efficiency 
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than can be obtained from constant current transformers. These 
transformers are also capable of adaptation to different loads in 
such a manner as to secure a practicaily constant power factor 
from one-half load up to full load, which is of special importance 
where the alternating arc system is installed in combination with 
existing incandescent lighting systems, as it avoids the great 
liability of overtaxing the generators to supply the extra energy 
when operating on a system in which the power factor is low. 

These transformer are oil-insulated, self-cooling, and of such 
form as to occupy but small floor space. There are absolutely no 
wearing parts, and once installed the cost of maintence is prac- 
tically nothing. In stations from which alternating current is sup- 
plied, it will be found practicable to extend the service by install- 
ing the Western Electric series alternating system, operated 
either directly from the mains or from special! transformers and 
automatic regulators, without adding other types of machines or 
complicating the equipment to any material extent, and it has 
been found in practice that the addition of series arc lighting to 
the service has in a number of instances made no appreciable in- 
crease in the cost of attendance in the station. 

It is now generally conceded that enclosed are lamps can be 
maintained at a lower cost than open are lamps, and that the 
steadiness and distribution of light from the enclosed alternating 
arc lamp far surpasses that of the best open arc lamp known. 
The comparatively wide area over which the lamp diffuses its rays 
is markedly noticable and particularly adapts the lamp to out- 
door illumination, Tests of illuminating power made with a view 
of determining the relative merits of open arcs and enclosed arcs, 
both direct and alternating, have resulted in a showing favorable 
to the aiternating enclosed arc, particularly for street lighting. 
As a large measure of the success in series arc lighting depends 
on the degree of perfection with which the current can be regu- 
lated and adjusted to varying conditions of load, the Western 
Electric Company has recently adopted anew and specially de- 
signed automatic current regulator of the inductive type for use 
in connection with our differentially controlled arc lamps. 

The natural characteristic of these lamps permits their use upon 
circuits of constant potential with but a very slight expenditure 
of energy in the automatic regulator itself. At full load the regu- 
lator takes a position where the self-induction is practically a 
minimum and the copper loss is the only energy expended. As 
the number of lamps in series is reduced the regulator automatic- 
ally maintains the current constant within one-tenth of an ampere 
and its range covers all conditions from full load to short circuit. 
In mechanical design the regulator embraces features which re- 
duce the inertia and friction to a minimum and produce a wonder- 
fully simple and effective piece of apparatus. Owing to the low 
price at which it can be manufactured, it is possible to introduce 
a system combining the Western Electric improved oil type trans- 
formers, automatic regulators and switch panels at as low a figure 
as any reliable apparatus of this kind now on the market. 

This most excellent system is more fully described in circulars 
issued by the Western Electric Company, that may be obtained 
upon request made to the Califor- 
nia Electric Works which is the 
Pacific Coast sales agency of all 
Western Electric Company’s 
products. The California Electri- 
cal Works is now fully established 
in its new building, No. 547 Mis- 
sion street, which is unquestion- 
ably the most thoroughly equipped 
electrical manufacturing establish- 
ment west of Chicago. 

The company has also intro- 
duced a new type of oil-damped 
ammeter which is practically ac- 
curate at any commercial fre 
quency, and while quickly res- 
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almost perfectly dead beat. Theinstrument is absolutely without 
springs or permanent magnets, the motor device being opposed 
solely by gravity. It is, therefore, an instrument not subject to 
many of the ills which accompany the use of permanent magnets 
and springs upon instruments used in such an exposed position as 
the ordinary switchboard. In view of the fact that a large 
measure of the success attained in series alternating arc lighting 
depends on the maintainence of the current at the proper point, 
the users will readily see the importance of having an instrument 
which is thoroughly reliable at all times. 

With such an installation the transformers and regulators can 
be installed in substations and will require but little, if any, 
attention for the reason that they will automatically take care of 
the system under almost any emergency. 


A YEAR’S WORK IN HYDRAULIC MACHINERY. 


URING the past few months the Byron Jackson Machine 
Works has made rapid strides toward the perfection of 
pumping machinery adaptable for handling large quantities 

of water and its delivery at high heads under pressure. Among 
recent plants of this character installed is that of the Iowa Min- 
ing Company, in Fresno County, Cal. This plant consists of a selt- 
ing of four five-inch special Jackson horizontal centrifugal pumps, 
which are arranged to work singly or compounded. This plant 
when compounded delivers tooo gallons per minute, at an elevation 
of fifty feet, through 1500 feet of discharge pipe, with a pressure at 
the point of discharge of 115 pounds, and is used for hydraulicking 
purposes. This machinery is driven by a sixty-two-inch Sampson 
water wheel which furnishes more than ample power for the re- 
quirements. 

Another plant of this character is that of the Bay Counties 
Power Company, installed recently near Dobbins, Cal. This 
plant consists of two special ten-inch horizontal centrifugal pumps 
compounded, is belt driven and works under a head of 400 feet, 
for sluice filling the auxiliary reservoir of the Colgate power 
house.* The efficiency of this plant when carefully calculated by 
competent engineers was found to be 83 per cent. 

During the past six months this company has supplied several 
large pumping plants for irrigation and city water works in vari- 
ous Eastern States, among which are the following: 

The Jordan River pumping plant, near Salt Lake City, Utah, 
which consists of four special jorty-inch Jacksou centrifugal 
pumps, having a combined capacity of 200,000 gailons per min- 
ute, each pump being belt-driven by one 100-horsepower electric 
motor. This plant has only recently been completed and has 
proven to be most efficient in every way. 

The pumping plant for the city of New Albany, Ind., recently 
supplied, consists of two specially componnded eight-inch cen- 
trifugal pumps and works under a head of 300 feet, the capacity of 
each being 1400 gallons per minute. 

The plant for the city of Danville, Il., consists of two special 
twelve-inch korizontal centrifugal pumps with a capacity of 5000 
gallons per minute at variable heads, while there is now in con- 
struction in the works of the company special pumps and appara- 
tus for the cities of Fort Worth, Tex., and Elgin, Ill. Among 
city water works pumping plants installed in California during the 
past few months are those of the City of Modesto, consisting of 
one eighty-five-horsepower automatic steam engine with special 
Jackson centrifugal pumps, which furnishes water for both domes- 
tic and fire purposes. The pumping plants for the cities of Colusa 
and Woodland consist of special Jackson high-head pumps driven 
by direct-connected electric motors. In each of these cases the 
efficiencies have proven far above the average, as can be attested 
by the respective owners. 

During the past year the Byron Jackson Machine Works has also 
installed hundreds of plants ranging in capacity from 100 gallons 
to 20,000 gallons per minute, using as motive power steam engines, 
electric motors, gasoline engines and water power, and have found 
it exceedingly difficult to keep up with increasing orders. 
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Another important branch of the business of this company is 
the manufacture of dredging apparatus for constructing canals, 
levees, dams, deepening channels, etc.; also special machinery 
for reclamation work where portability, economy and durability 
are special features. Among installations of this class within the 
last twelve months are included several complete dredgers, which 
are giving excellent satisfaction and are executing work far in ex- 
cess of guaranteed capacities. 

That the merit of the products of this company is recognized 
and appreciated by the most skilled engineers is evidenced by the 
fact that the Jackson pumping machinery is installed throughout 
the United States, notwithstanding the competition of the large 
manufacturers of the East. In the majority of cases other manu- 
facturers could not supply machinery that would do the work 
required under the high lifts, and the management is justly proud 
of the record that has been made. It is constantly developing 
and improving its special pumping and hydraulic machinery, and 
is prepared to construct special pumps for any service. 

The Byron Jackson Machine Works claim that, owing to the 
price of fuel on the Pacific Coast, the most economic power to be 
had is the gasoline, distillate or crude oil engine, in view of which 
it has made a specialty of the Olds gasoline or crude oil engines, 
of which it has sold during the past season no less than twelve 
carloads, which fact attests to the merits of these engines and the 
favor in which they are held with the public. They also furnish 
steam engines and boilers where occasion demands, and have sold 
several carloads of these latter also during the past season. 

The general outlook at this time for the next season’s require- 
ments and trade are exceedingly flattering, and, in order to keep 
abreast of the expected rush, they are working a large force of 
mechanics in the manufacture of a supply of standard pumping 
machinery, so as to be ready for prompt delivery when the Spring 
rush commences. 


THE BROOKS-FOLLIS ELECTRIC CORPORATION. 


MONG the electrical supply dealers who have attained 
prominence in the Pacific Coast there should be mentioned 
the Brooks-Follis Electric Corporation, whose jobbing 

place, No. 527 Mission street, San Francisco, has long since 
been established as a headquarters for everything electrical. The 
Louse was founded in 1893 under the firm name of J. W. Brooks & 
Co,, and its original location consisted of a single room on the third 
floor of the Johnson building, No. 120 Sutter street, where a simple 
brokerage business in electrical supplies was conducted. In 1896 
the firm moved to No. 523 Mission street, a stock of goods was laid 
in, and so extensive did the business become that in 1897 it was in- 
corporated under the present name, and the adjoining store, No. 
525 Mission street, was added. Nevertheless these accommoda- 
tions became inadequate to meet demands and in 1900 the present 
building was erected and completed. 

The officers of the corporation are: J. H. Follis, president; C. G. 
Follis, vice-president, and T. H. Van Frank, secretary and treas- 
urer. 


A NEW LARGE-UNIT OIL ENGINE. 


NOTHER industry which gives every promise of becoming 
potent in the mechanical engineering world was announced 
by the recent incorporation of the Davol Engine Develop- 

ment Company of San Francisco, which has in its board of direc- 
tors the prominent names of A. M. Hunt, president; Charles C. 


aaa vice-president, and I,. N. Breed, Leon Sloss and George K. 
Davol. 


The Fulton Iron Works of San Francisco is now building for 
the company named a new type of oil engine which will have a 
rated capacity of 200 horsepower, from which great results are 
certain to be achieved. The engine, which is the invention of 
Mr. George K. Davol, operates on practically what is known as 
the Brayton cycle, and in the opinion of thoroughly competent 
engineers, after painstaking investigation and study, it is ex- 
tremely promising. 


‘ 


ie 





January, 1903] 


THE GREAT PORTLAND DREDGE. 


NE of the largest dredges ever built in America, and the 
one which is without doubt the most efficient of any yet 
constructed in the United States, has recensly been built 

for the Port of Portland Commission and is now in service deepen- 
ing the ships’ channel of the lower Wilammette and Columbia 
rivers. The Columbia, for that is its name, is 225 feet long, 
forty-two feet wide and eleven feet deep, and cost about $225,000. 
Its operating expenses amount to about $300 per day; its pump 
handles 45,000 gallons of water a minute and from 10,000 to 30,000 
cubic yards of matter a day, while its cutter can dig to a depth of 
sixty feet below the surface of the water. The official test of the 
dredge was held on October 22d last, when the Columbia lay in 
the Willamette opposite Swan Island, working in about eighteen 
feet of water and allowing a practically full discharge pipe under 
a pressure of 125 feet per square inch. The test was witnessed by 
the Port of Portland Commissioners, consisting of Charles F. 
Sweigert, Charles F. Adams, M. C. Banfield, Ben Selling, B. F. 
Tucker, John McCracken and Ellis G. Hughes, besides a number 
of invited guests, among whom were H. W. Corbett of the Willa- 
mette Iron and Steel Works and E. B. Norton of the Oakland Iron 
Works. 

The Columbia was built by various companies undef the direc- 
tion of J. C. B. Lockwood, a member of the American Society of 
Civil Engineers and consulting engineer for the Port of Portland 
Commission. The first contracts for the building of the dredge 
were let in January, 1902, and among the principal contractors 
were the Portland Shipbuilding Company, which built the hull, 
the Oakland Iron Works of Oakland, Cal., which built all the 
engines aboard except the main engine (which was built by the 
Willamette Iron and Steel Works), and Knight & Co. of Sutter 
Creek, Cal., who built the main pump. 

The hull is of wood stiffened by steel trusses extending through 
its entire length. Steam for the operation of the engines, of 
which there are nine sets, is furnished by water tube boilers of 
Heine manufacture, at a pressure of 200 pounds per square inch, 
and which have a heating surface of 12,400 square feet. These 
engine sets consist of the main engine, cutter, forward winding, 
after winding, electric light, circulating pump, air pump, wood 
conveyer and stern line engines. The main engine runs the thirty- 
inch Knight centrifugal pump. It is the triple-expansion, four- 
cylinder type, the dimensions of the high and intermediate cylin- 
ders being twenty-one and thirty-four and one-half inches, and 
the two low pressure cylinders being each of a diameter of forty 
inches, all twenty-four-inch stroke. The engine is guaranteed to 
develop 2000 horsepower on not to exceed fifteen pounds of steam 
per hour, and it is noteworthy as being the second largest engine 
ever built in Portland. Its weight is 130,000 pounds. The 
remaining engines are, as stated, of Oakland Iron Works build, 
and their dimensions are as follows: The cutter engine is an eight- 
by-sixteen-by-twelve-inch compound; the forward and after wind- 
ing engines ere double ten-by-ten-inch simple engines; the electric 
light, seven-by-seven-inch single engine; the wood conveying, 
double three-by-four-inch simple engine; the stern line, double 
six-by-six-inch simple engine; and the air pump engine, 
which is of the vertical compound duplex type, has a 
twelve-inch stroke, with seven-inch and fourteen-inch 
steam cylinders and a twenty-inch air cylinder. 

The dredge swings alternately on two spuds placed 
near the stern. These spuds are three feet in diameter 
and raised and lowered by steam by means of wire cables 
and hgisting blocks. The cutter is situated in the for- 
ward end and consists of a circular cage upon which 
knives are bolted. It is rotated by a system of gears 
and shafting and tears the matter loose as a milling 
machine does in an ordinary machine shop. The dredge 
is operated on what is known as the hydraulic system. 
The cutter tears the material loose, then the pump takes 
it up through the suction pump and discharges it on 
shore through a floating pipe line. When at work and 
using one of the spuds near the stern as a center, the 
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dredge is swung from side to side by means of a wire rope operated 
on the frontend. In this manner it is possible to make a channel 
300 feet wide and to any depth required, not exceeding sixty feet. 

At the present time the dredge has a pipe line 800 feet long. 
This pipe line is for the purpose of carrying the dredged material 
to the shore, and consists of riveted iron joints thirty feet long 
and thirty inches in diameter, coupled together by means of a 
rubber hose of the same diameter Each joint rests on two pon- 
toons, so that an endless chain may be formed. An example of 
its efficiency is found in the fact that a stone twelve inches in 
diameter will be carried through the centrifugal pump and pipe 
line as easily as the regular material dredged. 

The Columbia consists of a main and upper deck, which con- 
tain sleeping quarters, dining rooms, kitchen, bath rooms, engine 
rooms, pantries, etc. There are separate dining rooms for the 
men and officers. Each cabin is provided with two bunks, on 
which there are substantial mattresses and clean bedclothes, a 
chair and a washstand. The dredge as a whole is lighted with 
electricity. It carries a regular crew of thirty-six men, of which 
J. G. Kelley is superintendent and J. E. Kane chief engineer. 


FOUR 2000-KILOWATT STANLEY ROTARIES. 


HE constant growth of the demands for power has made it 
necessary for the New York Edison Company to make ar- 
rangements for new generators, rotary converters and trans- 

formers. The Stanley Electric Manufacturing Company has se- 
cured, through its New York office, this important contract, which 
is notable not only on account of the total amount involved, but 
also because of the unusual size of the units. The first item in the 
contract is for four 2000-kilowatt S. K. C. rotary converters. The 
transformer equipment to accompany the same consists of twelve 
800-kilowatt S. K. C. static transformers of the air-blast type and 
four auto-regulators. As is generally known, the largest rotaries 
hitherto built are the 1500-kilowatt units in the Manhattan sub- 
stations, and therefore the construction of those of 2000-kilowatt 
capacity marks a distinct advance in the art. 

In addition, the contract calls for ten 1000-kilowatt S. K. C. 
rotary converters, with thirty 400-kilowatt S. K. C. static trans- 
formers of the air-blast type and ten auto-regulators. 
apparatus is to be placed in various substations of the Edison 
system. Furthermore, the Stanley Electric Manufacturing Com- 
pany is to furnish three new generating units for the Waterside 
station. The machines are to be 3500-kilowatt, twenty-five-cycle, 
three-phase, alternating current generators, direct-connected to 
engines working at seventy-five revolutions per minute. 


The above 


The Otis Elevator Company’s recent contracts include the fol- 
lowing: Ten hydraulic passenger elevators for the extension of 
the Manhattan Life Insurance Company’s building, 64-70 Broad- 
way, eight hydraulic passenger and two hydraulic freight elevat- 
ors for the Barclay building, Broadway and Duane streets, and 
four hydraulic passenger elevators for the store of Frederick 
Loeser & Co., Brooklyn. 





THE OAKLAND IRON WORKS, OAKLAND, CAL. 








112 


A NEW HIGH TENSION OIL CIRCUIT BREAKER. 


HE rapid increase during recent years in the size of central 
stations and the currents and voltage handled therein, has 
necessitated a great development in the methods and 

apparatus for controlling and switching electric currents. While 
a few years ago most alternating-current switchboards were 
equipped with hand-operated knife switches, it is now found ad- 
visable, and often necessary, to use some means of auxiliary con- 
trol which will permit the actual current-switching devices to be 
located with regard to the general design of the station and a 
satisfactory layout of circuits and apparatus. At the same time it 
centralizes the control within a small space where the operator 
may have under his hand, so to speak, the whole station, and be- 
fore his eye an indication of the current of every circuit. 

One of the most remarkable pieces of apparatus which has con- 
tributed to make this great development possible is the high-ten- 
sion, power-operated, oil-break, circuit-breaker. While the carbon 
shunt, open-air type of breaker, in which the arc is ruptured in 
the open air, has given excellent service in most classes of work, 
there are many places where, on account of space or other limi- 
tations, its use would not be feasible. It is to meet the need of a 
compact, safe and reliable device for rupturing high-tension cir- 
cuits that the oil-break circuit-breaker has been developed. The 
accompanying illustration shows a three-pole, double-break, auto- 
matic oil circuit breaker, operated by electro-magnets. The cir- 
cuit-breaker is erected in a masonry structure with each pole and 
oil tank in a separate, fireproof compartnient. There are two sta- 
tionary contacts to the pole, one connecting to the incoming lead 
of the same phase, each contact being mounted in a large porce- 
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AUTOMATIC, OIL-BREAK, CIRCUIT BREAKER 
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lain insulator. Inthe illustration one of the porcelain insulators 
is visible in the right-hand compartment. 

The insulators are fastened to a castiron frame which also sup- 
ports the inclosing oil tank. The frame itself is supported from 
the soapstone slab at the top of the masonry walls by strain insu- 
lators. The movable contact for each pole consists of a V-shaped 
piece of copper fastened to the end of a stout wooden rod. In the 
closed position of the switch one of these V-shaped pieces elec- 
trically connects the two stationary contacts of each pole. The 
wooden rods are fastened at their upper ends to a common cross- 
bar, which extends over the three masonry compartments and is 
supported by a system of levers giving a straight-line and an up- 
and-down motion. The cross-bar is raised by the inclosing mag- 
nets, assisted at the beginning of the motion by a pair of balancing 
springs. The springs and the case containing the magnet are at 
the upper right-hand corner in the illustration. A toggle joint, 
shown at the left in the illustration, automatically locks this sys- 
tem of levers when the circuit-breaker is in the closed position. 

The toggle joint is released by a blow from the tripping magnet, 
whereupon the cross-bar, under the influence of gravity and a 
powerful spring, quickly drops, opening the contacts. The break 
takes place first at the main contacts and then afterward ata re- 
movable-plug attached to the stationary contact which enters a 
hole in the movable contact. The plug thus receives all the effects 
of any arching that may be, and, since it is removable, it is easily 
replaced. The current for the closing and tripping magnets is 
derived from the exciters, storage battery or other source of low- 
voltage, direct-current supply. If necessary the circuit-breaker 
can easily be operated by hand without disturbing the mechanism 
in any way. The oil tanks, one of which is to be seen in the 
middle compartment, are constructed of heavy sheet metal and 
the interior is lined with insulating cement, which is moulded to 
fit closely about the terminals and moving contact piece, leaving 
just room enough for the free movement of the parts in oil. By 
this means the amount of oil is reduced to a minimum. When 
the circuit-breaker is open the wooden rod interposes an effective 
barrier between the two terminals of each pole. Suitable levers 
are provided for hatidling the tanks, which may be lowered away 
from the contacts and removed without disturbing the rest of the 
circuit-breaker, The entire circuit-breaker may be set in place 
and all parts adjusted before the oil tank was placed in position. 
When necessary the tanks may be filled without removing them 
from their position. The oil level is easily seen by means of a 
small sight gage. The tanks are insulated from the circuit and 
all the live metal parts being immersed in oil, there is no possi- 
bility of receiving a shock from touching the breaker. 

Mounted on each circuit-breaker is a small double-pole, double- 
throw knife switch, which is used with the indicating and trip- 
ping circuits, and is operated by the motion of the levers of 
the cireuit-breaker. The controlling and indicating devices con- 
sist of a controlling switch, an electro-mechanical, tell-tale indi- 
cator andalamp. These are suitably mounted at the operating 
platform. A polyphase over-load relay, connected to series trans- 
formers in the main circuits, is provided for automatic opening. 
The controlling switch, which is of the drum type, has three posi- 
tions, namely, ‘‘closed,”’ ‘‘off’’ and ‘“‘open.”’ It will remain of 
itself in the ‘‘off’’ or ‘“‘open’’ positions only. In other words, if 
it is thrown to the ‘‘open’’ position it will remain in that position 
when the hand is removed, but if it is thrown to the ‘‘closed’’ 
position it will turn of itself to the ‘‘off’’ position as soon as the 
handle is free, In the ‘‘off’’ position it connects.the control cir- 
cuit so that if the oil circuit-breaker opens through the action of 
any of the automatic devices the lamp will be lighted on thé oper- 
ating stand to attract the operator's attention. If the oil circuit- 
breaker is opened by the operator throwing the controlling switch 
to the ‘‘open”’ position, the lamp does not light. 

The mechanism of the electro-mechanical tell-tale indicator 
consists of aa electro-magnet which attracts a pivoted armature 
through an angle of about 90 degrees. Attached to the armature 
is a disk with a pointer, which indicates to the eye the ‘“‘open’’ or 
‘‘closed’’ position of the oil circuit-breaker. 
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In the accompanying illustration the closing magnet is partly 
hidden by the over-load relay. This operates on the principle of 
the single-phase induction motor. Each of the sectors swings 
between the poles of an alternating-current electro-magnet. 
Part of each pole is surrouneed by a short-circuited strip of cop- 
per which acts to retard the magnetic flux, and thus produce a 
shifting field. This tends to move the counter-weighted sectors 
which carry a contact closing the tripping circuit of the circuit- 
breaker. The two sectors are connected in parallel and either 
alone will trip the breaker. The currents for their magnets are 
derived from the phases of the main circuit by series transformers. 

The apparatus described above, known as the ‘“‘type C circuif- 
breaker,’’ is manufactured by the Westinghouse Electric and 
Manufacturing Company, whose engineers have devoted much 
attention to the development of simple and efficient means of 
operating switchboards in large power plants. 


THE GOULD STORAGE BATTERY DESCRIBED. 


MONG the recent arrivals on the Pacific Coast in the way 
of trade representation is the Gould Storage Battery Com- 
pany of New York City, which has established its Western 

sales office at 18 Second street, San Francisco, in conjunction with 
the offices of the Century Electric Company. As the Gould Bat- 
_ tery has not been introduced in this locality heretofore, a descrip- 
tion of its salient features, and especially of its plate, is pertinent: 

The Gould plate is of the Planté type, in the manufacture. of 
which the “‘ spinning ’’ principle is used; that is, no lead is re- 
moved from the plates, the sheet-lead blanks being merely changed 
in form. The spun portions of the plate are subdivided into sec- 
tions varying in number and size according to the total dimen- 
sions of the plates. The unspun portion anchors each individual 
rib to the main cross-bar at both extremities. At the junction of 
two sections the two half-diamonds of unspun lead form cross- 
bars of solid conducting material traversing the width and length 
of the plate. Mechanical stability of the Gould plate is its essen- 
tial point, which becomes obvious from the fact that the cross-bars 
of unspun lead give a lateral strength and ribbing, forming a 
‘* bridge’ construction. 

The lead used in the Gould plate is the densest form of the 
metal which can be obtained. The action of the knives in the 
‘‘spinning’’ or displacement of the lead renders it even more 
dense than that of the original blank. As the life of the plate de- 
pends upon the quality of the lead base, the life is augmented 
with every increase of density. The difference in the molecular 
construction of cast lead and rolled lead are marked; hence com- 
paratively none of the destructive actions of the acid are present. 

In the Gould process of subdivision the plane surface or superfi- 
cial area of the lead blank is increased from ten to twenty times, 
giving from 200 to 400 square inches per pound of lead. This great 
area reduces the volume of current per square inch of contact area 
to such a point that the work required per unit of area is well 
within the limits of safety, thereby increasing the life of the grid, 
as the deteriorating effect for a given current is distributed over 
a great surface. At given rates 250 square inches of contact sur- 
face is provided per ampere. This uniformity of current distribu- 
tion and the reserve base, or unformed lead, are additional feat- 
ures which add materially to the success of the Gould battery, be- 
sides giving insurance of its mechanical stability and life. 

The advisability of storage battery auxiliaries in light and power 
installations has now become an undisputed fact, and although 
the interest on an investment of this nature is compensated for by 
the advantages which are derived, the deterioration or the cost of 
repairs of the battery often determines the economy, or rather the 
commercial advisability of making an installation. As batteries 
have to be constantly repaired, thus interrupting the service, their 
usefulness is greatly diminished. Obviously the coefficient of 
repairs on the battery must be reduced to the lowest point, as it 
becomes one of the items of fixed charges, besides low deprecia- 
tion, combined with uninterrupted service, is the great desideratum. 
From the construction of the Gould plate it is most apparent 
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that not only will the capacity be maintained, but that the life of 
the plates will reach a point where the fixed charges of deprecia- 
tion becomes so low that the advisability of installation from a 
financial point of view is no longer questioned. 


THE REDLANDS IMPERIAL PORCELAIN INSULATOR. 


ITA further reference to the Redlands type of porcelain 
insulator so prominently referred to in the leading 
article of this issue of THE JOURNAL* as having been de- 

signed to meet the exacting requirements of that which was then 
(in 1898) the highest voltage, long distance transmission line in 
the world, it is worthy of note that, although the development of 
this insulator covered a comparatively short period of time, it has 
continued to give the very best of satisfaction on all transmission 
lines upon which it has been used. Prominent among these lines, 
other than the Santa Ana-Los Angeles transmission of The Edison 
Electric Company of Los Angeles, may be mentioned the following 
transmissions upon which the Redlands type Imperial porcelain in- 
sulator has been adopted and is used: Montana Power Company, 
Butte, Mont.; Utah Light and Power Company, Salt Lake City, 
Utah; Cascade Water Power Company, Cascade, B. C.; West Koote- 
nay Light and Power Company, Rossland, B. C.; the Hamilton 
Electric Light and Cataract Power Company, Hamilton, Ontario; 
the Snoqualmie Falls Power Company, Seattle, Wash.; Hudson 
River Power Company, Mechanicsville, N. Y., and the Hudson 
River Electric Company, Glen Falls, N. Y. 

The Redlands insulator was made by the Imperial Porcelain 
Works, of Trenton, N. J., from designs furnished through C. S. 
Knowles, of 7 Arch street, Boston, who is the commercial repre- 
sentative of Imperial porcelain. _ Although Mr. Knowles has 
continued to advance apace with every other manufacturer in the 
ever changing work of insulator design, yet he is fully justified 
in pointing with pride to the fact that the Redlands type of insu- 
lator is such a thoroughly reliable and stable piece of construction 
that it is now regarded the world over as being the standard of its 
class. This leads to the inquiry, is not the quality of porcelain 
used in Redlands type insulators the vital factor in the success 
they have achieved ? 


*See pages 30 and 55 of this issue. 
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THE WAGNER COMPANY’S TYPE M TRANSFORMERS. 

The rapidly increasing use of small transformers for power 
motor service is resulting in manufacturers giving special atten- 
tion to the regulation of apparatus of this character on inductive 
loads, In the transformers of the Wagner Electric Manufactur- 
ing Company this condition is admirably met by the subdivision 
of the windings, both primary and secondary, into highly insul- 
ated individual coils, these coils being so interlaced as to reduce 
the magnetic leakage to a minimum. The methods by which 
these results are accomplished is effectively shown in the illustra- 
tions appearing herewith. In all except the largest sizes the 
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PERSPECTIVE VIEW 5-KILOWATT TYPE M TRANSFORMER WITHOUT CASE. 


individual primary and secondary coils are wound entirely inde- 
pendent of each other, aud each sufficiently reinforced with ex- 
ternal insulation for withstanding an insulation test dry of 12,000 
volts. These coils, when properly mounted and cross-connected, 
give a regulation on usual motor loads favorably approximating 
the regu ation of the same units on incandescent lighting service. 
The illustrations also indicate the careful and thorough workman- 
ship placed upon this type of apparatus. 

The type M transformers of the Waguer company have now 
been in the market for about two years, and have given the best 





FRONT VIEW 15-KILOWATT TYPE M TRANSFORMER, FOUR PRIMARY 
AND FOUR SECONDARY LEADS, 1! 100-2200 TO 110-220 VOLTS. 


of satisfaction. In the development of this line the Wagner com- 
pany has followed the trend of the best engineering practice in 
very largely increasing the inherent insulation of the windings 
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and also in eliminating the insulation value of the oil as an 
element of large importance. All oi! supplied is carefully tested 
and treated in the factory, and has a high insulating value. This, 
of course, reinforces the inherent insulation of the windings, but 
it is not necessarily depended upon for reliability of the apparatus 
against puncture between the windings and between the windings 
and the core. The chief function of the oil is to quickly convey 





ONE-HALF SET OF COILS SEPARATED FOR 10-KILOWATT 
TYPE M TRANSFORMER. 


the heat losses of the transformer proper to the iron shell, where 
the heat is dissipated by radiation and convection. 

The type M transformers are of the shell type of construction, 
it being found that this form of apparatus develops the highest 
efficiency cousistent with durability and close regulation. It is 
the general practice of the Wagner company to use cases of 
liberal size, thus providing for low temperature rise of the cepper 
windings. 

In external mechanical features the design of the type M trans- 
former is such as to enable convenient handling of the apparatus 





ONE-HALF SET OF ASSEMBLED COILS FOR 10-KILO- 
WATT TYPE M TRANSFORMER. 


by wiremen. On the low tension side both the 110- and 220-volt 
leads are brought outside the case through twin corner bushings. 
On the high tension side both the 1100- and 2200-volt leads are 
brought out if so specified, although the latest practice of the 
company is to bring out one pair of leads only, an interchange- 
able block being provided on the inside of the transformer case. 
In all respects the Wagner company’s type M transformers 
embody the latest and best practices in small transformer con- 
struction. 
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“PROVO” HIGH-VOLTAGE INSULATORS. 


HE interesting brochure just issued by the Hemingray Glass 
| Company of Covington, Ky., bearing the title above given, 
opens its introductory paragraph with the significant 
statement that, ‘‘If there is anything that the purchaser of elec- 
trical ayparatus abhors, it is to be the introducer of a new article, 
or, in other words, ‘‘ ‘to be experimented upon.’’’ Then it pro- 
ceeds with the assurance that, ‘‘ while the ‘ Provo’ type insulators 
were once new, the manufacturers can assure prospective custom- 
ers that they have never had to change the design or construction 
of these insulators since their introduction.’’ The conclusion 
given to this reasoning is that the continued and increased use of 
‘*Provo’’ insulators during the past five years would indicate that 
they have become accepted as a standard article. 
Brief descriptions of these insulators, which, as is well known, 
are all glass, then follows, from which there is compiled the fol- 
lowing table of physical data of ‘‘ Provo’’ insulators: 


Surface | Diem- 
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In the opinion of the manufacturers of ‘‘ Provo”’ insulators, it 
is advisable that wooden pins be used, because metal pins, or pins 
having metal in their construction, are objectionable to the insu- 
lation of a very high voltage line, without regard to the make of 
the insulator used. The treating of wooden pins with paraffine 
wax or oil is also advised, as this tends to preserve the life and in- 
sulating qualities. This treating is.usually done by placing a 
quantity of pins in a tank of wax or oil of a low temperature, and 
heating the insulating material up to a temperature approximating 
250° F. The pins should be boiled in this manner for an hour or 
more until the air and water are driven from the wood. The in- 
sulating material should then be allowed to cool until the pins can 
be removed without losing the paraffine or oil that is in the grain 
of the wood. No definite information can be given as to the exact 
temperature or the length of treatment, as these depend upon the 
kind and quality of wood used in the pins. Too long a boiling or 
at too high a temperature will destroy the strength of the wood. 

The ‘‘ Provo’’ type insulators were named after the city of 
Provo, Utah, where the main generating station and offices of the 
Utah department of The Telluride Power Company are located 
and where the insulators were first put into use. The insulator 
was designed by Mr. V.G. Converse, the No. 1 type being designed 
especially for the Provo plant after a long study of high voltages 
and aided particularly by exhaustive high voltage experiments of 
a practical nature at Telluride, Colo.* These experiments were 
conducted by The Telluride Power Transmission Company for the 
express purpose of determining a safe maximum voltage for its 
Utah plant, and it was only after the complete success of the Provo 
plant that the Hemingray Glass Company acquired, in 1898, 
the right to manufacture ‘‘ Provo’’ type insulators. The transmis- 
sion in question was originally planned to run at 40,000 volts,t+ but 
it is stated that its present running voltage is nearer 50,000 volts. 
As to leakage on ‘‘ Provo’’ insulators, it is stated that the maxi- 
mum losses observed at Telluride on any type of insulator which 
would withstand puncture were found to be inconsiderable when 
running at a pressure below 45,000 volts. These measurements 
showed further that when subjected to a high voltage there was 
no appreciable difference noted between the losses over glass insu- 
lators and porcelain insulators. 

In continuing the discussion of this subject the brochure ob- 
serves that it seems to be a very difficult matter to obtain electrical 
measuring instruments which will distinguish true leakage with 


© |50,000) 17 
I | 40,000} 16 
2 ene 11% | 





* Detailed in THE JOURNAL, Volume VI, page 113, December, 1898, 
+ See illustrated description in THe JOURNAL, Volume V, page 168, June, 1898. 
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accuracy. Furthermore, there has never been any mez surements 
made of a practical nature which separated the losses from the 
lines and the losses over lightning arresters from the losses either 
through or over the surface of the insulators. The only definite 
knowledge which the Hemingray company possesses regarding 
leakage is on the No. I “‘ Provo’’ insulator, and is contained in a 
statement given to the public in 1900 by Mr. P. N. Nunn, chief 
engineer of The Telluride Power Company, which said: 

‘* In connection with the transmission system of The Telluride 
Power Transmission Company in Utah, there has been in constant 
service for nearly two years a single circuit more than 100 miles in 
length, and equipped with more than 12,000 No. 1 ‘‘ Provo’’ type 
insulators. The circuit is three-wire, three-phase, grounded cen- 
ter, ‘star’ connected and operated at 42,000 to 44,000 volts. In 
truth, this loss is usually negligible, never material, and during 
the most severe conditions ever known in any country, the total 
of line losses of all kinds has never exceeded to per cent. of this 
amount.’’ The amount referred to was 134 watts per insulator, as 
published upon another occasion. 

Thanks are due to the Hemingray Glass Company and to The 
Charles F. Sloane Company, its Pacific Slope sales agent for the 
‘*Provo’’ type insulators, for the privilege of making excerpts 
from the interesting catalogue referred to prior to its issue in com- 
pleted form. 


NEW P. & S. PORCELAIN SPECIALTIES. 


ROMINENT among the supplies which The Chas. F. Sloane 
Company, of San Francisco, Seattle and Los Angeles, is 
handling are the porcelains of special design manufact- 

ured by Pass & Seymour, Inc., of Solvay, N. Y., which, in addi- 
tion to its already long list of electrical specialties, has just 
brought outa line of fuseless rosettes and attachment plugs, as 
well as a set of single-wire porcelain cleats which will take any 
size of wire from No. 14 to 300,000 circular mils. These appli- 
ances are deserving of particular attention. The fuseless rosette 
(known as No. 602) is recommended by the National Board of Fire 
Underwriters for 300-volt circuits and is listed in its schedule of 
approved fittings. It is made with a solid back, has ample provi- 
sion for a knot made in the new code cord. Its terminals are all 
genuine brass and in appearance it is neat and tasty. It is signifi- 
cant of the success with which it is meeting to state the fact that 
since it has been put on the market it has met with an ever-in- 
creasing demand, and that today it ranks as as one of the best 
pieces of porcelain goods manufactured by Pass & Seymour, Inc. 
A companion appliance to the No. 602 fuseless rosette is found in 
a new fuseless attachment plug which has just been put upon the 
market. This plug, which also bears the approval of the fire 
underwriters for three amperes at 300 volts, is one of the first and 
the very best fuseless plugs on the market since the enactment of 
the rule which declares the fusible plug to be unsafe. 

The single-wire cleats above referred to as capable of taking any 
size of wire from No. 14 to 300,000 circular mils, are made of the 
very best grade of material, with the result that they are strong 
and durable, and in addition they are so constructed that they will 
not injure the insulation of the wire during installation. 

Still another new P. & S. appliance is found in the so-called 
transformer cut-off or junction box, which is especially adapted 
to central station and isolated plant work for handling either 
transformers or lighting or power mains. These boxes are finished 
in two styles, one of which is in a white glaze, while the other is 
in black enamel. The latter finish is not merely ‘‘thrown’”’ on, 
but the cut-outs are first dipped in the enamel and then thoroughly 
baked, which results in a finish that will not only stand the 
weather, but is pleasing in appearance at the same time. The 
plug is held in place by means of knife contacts and the terminals 
will take wire of any size upto No. 4. These cut-outs are believed 
to be equal to any on the market, while many users of them de- 
clare them to be superior. The success of the Pass & Seymour 
articles is greatly due to the high standard the manufacturers have 
always maintained. 
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MECHANICAL REFRIGERATION IN THE TRANSPORT 
SERVICE. 


URING the Spanish-American War the fact transpired that 
no nation on earth has taken such perfect care of the com- 
fort and health and food of its soldiers, sailors and marines 

as has the United States. The conveying of large bodies of men 
over thousands of miles of seas had not been experimented with, 
and grave questions were involved in the solving of the problem. 
It was necessary to provide in plentiful quantities, wholesome 
fresh meats, vegetables, fruits and other supplies, and also 
unknown quantities of pure water for a passenger list "way beyond 
anything ever previously dreamed of in deep-sea going vessels. 

Mechanical refrigeration afforded the means for solving the prob- 
lem presented, and the system adopted may be described as the 
ammonia compression—brine system, in which heat is extracted 
from cold storage rooms by means of cold brine, ranging in tem- 
perature from 5° to 15° F., which is circulated through pipe coils. 
The heat in turn is taken from the brine by the expansion of an- 
hydrous ammonia in iron pipe coils around which the brine is 
circulated. The exhaustion of the gas formed by the accession of 
heat and the consequent expansion of liquid ammonia, its com- 
pression and cooling, with the consequent liquefaction, is accom- 
plished by a refrigerating machine and its condenser. The ele- 
ments of this system, as used on the army transports, follows the 
standard used elsewhere, but specially modified and adapted to 
marine conditions. 

A typical example of the refrigerating plants on the army liners 
is that of the U. S. transport Thomas. This vessel was orginally 
fitted with certain refrigerated space and machines which, after a 
few trips, were found useless and had to be replaced. 

The refrigerated space aggregates about 18,500 cubic feet, inside 
measurement, and is arranged on two decks, the lower space 
directly under the upper. The upper space is divided into three 
meat rooms, having anterooms which also act as thawing chambers 
and one ice-storage room of a capacity of forty tons. The lower 
space is divided into three rooms—one meat room and two vege- 
table rooms. All the rooms are piped so as to easily secure a tem- 
perature of 20° F. in meat rooms and 30° to 40° in vegetable rooms, 
allowing a difference of about 10° in temperature of. brine and 
rooms. The insulation consists generally of two spaces, filled 
with mineral wood, tongue and gvoove boards and paraffine paper, 
which are carried eighteen inches away from the side of the ship, 
thus allowing ample space for examination and for the painting 
of the iron work. The doors are all hardwood finish, closing on 
rubber-packed joints, and have clamping handles. The meat 
rooms are fitted with a specially designed, combination system of 
meat-rails, and pipe hangers, with movable, adjustable meat- 
hooks. Each room is scuppered and drained to bilges. Each 
chamber is also fitted with a thermometer tube for taking the tem- 
perature at any time without the necessity of entering the rooms. 

The brine is cooled in two steel tanks, containing 3800 feet of 
one-inch expansion coils. These coils are made with welded joints 
inside of the tanks. The tanks are placed inside of the cold-stor- 
age rooms, with the ends projecting into small, air-tight valve 
chambers. This valve chamber contains the manifolds for supply- 
ing and receiving return brine from the room coils, ammonia ex- 
pansion valves, valves for cutting out either brine tank, and valves 
for regulating the flow of brine into the different room coils. In 
fact, the brine system and the ammonia expansion system are all 
handled in this room to which the refrigerating engineer only has 
access. There is no possible chance for a leakage into the cold- 
storage rooms. The brine is circulated by two duplex steam 
pumps, either of sufficient capacity to supply the entire plant. 
These pumps are placed in the refrigerating engine room on the 
main deck and are fully cross-connected. The water ends are of 
composition metal. 

The refrigerating machinery is placed on the main deck, aft of 
the main engine room, but is entirely separated from the latter by 
aniron bulkhead. There are two refrigerating machines, built and 
installed by the Vulcan Iron Works, of San Francisco. Each hasa 
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ratc. refrigerating capacity of eight tons per twenty-four hours. 
These machines were designed especially for marine practice and 
combine simplicity, compactness and accessibility. On the cast- 
iron bed plate are mounted an enclosed type, double cyclinder, 
ammonia compressor, compound, close-connected steam engine 
oil receiver and the various pipe connections. The ammonia com- 
pressor is placed in the bed plate, which acts as a tank. The 
machines are fully cross-connected and either or both can be oper- 
ated on one or both brine tanks. It was estimated that one of 
these machines would perform the full duty required and in prac- 
tice it has been found unnecessary to run more than one machine, 
even in the tropical climate of Manila. 

The space occupied by the machines and the brine pumps is 
bulkheaded off with iron. The floor space measures twelve feet 
by sixteen feet, including ample passage ways, all of which illus- 
trates the condensed character of the machines. All the steam 
piping is of copper, salt water piping composition metal, the am- 
monia piping being extra heavy, and the brine piping galvanized 
with all-brass valves. Two drinking water tanks are placed at 
convenient points on the main deck with brine connections run- 
ning tothem. The tanks hold about 600 gallons each. They are 
well insulated and are provided with brine cooling coils. 

It was indeed fortunate for the army transport service that a San 
Francisco firm was found that was equipped to handle this impor- 
tant problem of refrigeration in the speedy and effective manner 
demanded by the exigencies of the occasion, and the Vulcan Iron 
Works, the San Francisco firm referred to, which did practically 
all the work in this line, deserves considerable credit for the 
successful and satisfactory manner in which the work was done, 
and the results accomplished, especially considering the trying 
conditions which governed the installation. The company has 
won an enviable reputation for the efficiency of the machinery it 
has installed. 

Although the great steamers Korea and Siberia were built in 
the East, at the yards of the Newport News Shipbuilding and Dry 
Dock Company, the refrigerating machinery for these, the latest 
and best of ocean palaces on the Pacific, were constructed in San 
Francisco. The refrigerating plants of both steamers came from 
the Vulcan Iron Works and were shipped to the Atlantic sea-coast 
to he installed, which in itself is a compliment of the highest 
order for the Vulcan people. 


The Cambridge Electric Light Company, of Cambridge, Mass., 
has decided to displace the direct-current power distribution sys- 
tem at present installed by an alternating-current system. This 
action is being taken after a long and exhaustive investigation 
into the comparative merits of the various types of direct and 
alternating current-motor apparatus now upon the market, made 
by the electrician of the company, Mr. W. R. Eaton. The com- 
pany has recently purchased from the Westinghouse Electric and 
Manufacturing Company ninety-nine induction motors, which 
will take care of the bulk of the power service, comprising every 
possible use of electric power in a city of this kind, from public 
works to small tailoring establishments. The order comprises 
eleven motors of one horsepower, twenty-six motors of two horse- 
power, nine motors of three horsepower, nineteen motors of five 
horsepower. twenty-five motors of seven and one-half horsepower, 
and nine motors of fifteen horsepower. 


The Electric Storage Battery Company, of Philadephia, has re- 
cently closed a contract with the Oakland Transit Cousolidated, 
located at Oakland, California, for the installation of a battery of 
Chloride Accumulators to be used on its railway system. The 
battery consists of 264 cells, having a capacity of 550 kilowatts, and 
in connection with a booster is to be installed at the center of dis- 
tribution of the system, about two and a half miles from the ge1- 
erating station. It is to be used to reduce the amount of feeders 
otherwise necessary and to regulate the fluctuations of load on 
the generators at the power house. 
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SOME GREAT PUMPING PLANTS. 
PECIALIZATION has been carried to as great a degree of re- 
finement in the building of power pumps as in any other 
branch of mechanical engineering, and it is a rule which is 
all but invariable that the very best of any apparatus is produced 
by the concern which manufactures that particular type of ma- 
chinery to the exclusion of all other products. In this category 
comes The Laidlaw-Dunn-Gordon Company and Henry R. Worth- 
ington, manufacturers of steam and power-driven pumps and 
whose sales offices for the Pacific Slope are located at Nos. 132 
and 134 First Street, San Francisco, the business being conducted 
under the management of Mr. W. P. Eichbaum, whose long ex- 
perience in mechanical engineering has made him well known in 
the West. 

The schedule of pumping installations which use these varieties 
of pumps on this side of the Rockies would show daily capacities 
running into the hundreds of millions of gallons. Obviously, 
then, it is impossible to do so, but it is well to refer toa few of 
the more important of the recent installations made, prominent 
among which is that of a 6,000,000-gallon, triple-expansion pump- 
ing engine for the Los Angeles Water Company, which is a dupli- 
cate of one that has been in use by the same company for six 
years past. Besides this, the Laidlaw-Dunn-Gordon Company has 
just completed the installation of three high-duty, cross-com pound 
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wheel strains on a machine of this design may be reduced to very 
small proportions as compared with those incident to ordinary mill 
engine service. The frame is of the company’s standard rolling- 
mill type, with bored slides and balanced disc cranks, and espe- 
cially heavy in design and satisfactory in appearance. The con- 
necting rod is of forged steel with solid ends, and provided with 
wedge adjustment for wear at both crank and wrist pin, while 
the cross-head is of the box type with adjusted babbitted slippers 
both at top and bottom. The valve gear is of the company’s im- 
proved Corliss design with rotary hook release, insuring the great- 
est possible accuracy and sharpness of cut-off. The portions of 
the gear subject to wear are faced with hardened steel removable 
and interchangeable blocks. 

Another important installation is that being executed by the 
Laidlaw-Dunn-Gordon Company wherein three, three-cylinder, 
compound, high-duty pumping engines are being placed in the 
new Flood building, San Francisco, for service in conjunction 
with hydraulic elevators to be installed by the Otis Elevator 
Company. These pumping engines, as shown in the adjoining 
engraving, have three cylinders, viz., a sixteen-inch, high-pressure 
cylinder and two eighteen-inch low-pressure cylinders, the high- 
pressure cylinder occupying the center position. The engine is 
proportioned for non-condensing service and is fitted with auto- 
matic starting and governing rigging. It is interesting to note 





CROSS-COMPOUND HIGH-DUTY PUMPING ENGINE BUILT FOR THE BELMONT PLANT OF THE SPRING VALLEY WATER COMPANY 


pumping engines for the Spring Valley Water Company of San 
Francisco. These pumping engines are installed in the company’s 
new pumping station at Belmont, and each of them has a daily 
capacity of 5,000,000 gallons, or a total daily capacity of 15,000,000 
gallons. 

More than passing reference to these pumping engines is war- 
ranted, in view of which the accompanying illustration presenting 
a shop view of one of them is given. 

Compactness is not the first essential in the Belmont plant, 
hence for services of this nature the pumping engines which 
have just been installed combine the advantages of simplicity, 
moderate cost and entire ease of access to all working parts ina 
greater degree than any other possible construction. The running 
gear, requiring most of the engineer’s attention, is, it will be noted, 
completely open to observation during its entire revolution, while, 
on the other hand, the location of the pump cylinders directly in 
the rear of the steam cylinders relieves the engine parts of all 
work beyond that involved in equalizing the variations in steam 
cylinder pressure to the requirements of the plunger load. In 
other words, the high steam piston force at the beginning of 
the stroke is partially absorbed through the short rod leading 
back to the plungers, only the excess of pressure beyond that 
needed to drive the plungers being received at the crank shaft and 
transmitted to the fly-wheel, to be given out in turn at the end of 
the stroke when the steam piston force has been reduced by ex- 
pansion. With proper steam cylinder ratios and correct valve 
setting, therefore, it is obvious that the connecting rod and fly- 


that this design was originated in 1895 to meet the growing de- 
mand for a pumping engine comparable in economy to the best 
types of stationary and marine practice, yet at the same time 
moderate in its floor space requirements, absolutely automatic in 
the matter of pressure regulation and reasonable in cost. The 
success of the type, and the rapid spread of its application are 
shown by the fact that during the past two years thirty-one of 
these machines have been built in the company’s shops. 

As the cut shows, each steam piston acts directly upon its corre- 
sponding plunger through a short rod, no link or yoke being in- 
terposed. Corliss valve motion is used throughout, and a reheat- 
ing receiver connects the high-pressure with the low-pressure 
cylinders. The machine is peculiarly situated for operating large 
hydraulic elevator plants. Fitted with automatic rigging it com- 
bines the perfect stopping and starting power of the duplex direct- 
acting with the highest economy of the crank and fly-wheel type. 
The cranks are turned up from solid forgings and are practically 
indestructible. They are spaced at 120 degrees, and with properly 
proportioned cylinders dead centers are eliminated, while the ma- 
chine responds most readily to pressure governor regulation. 
Those acquainted with the requirements of elevator work will 
appreciate the vital importance of the two latter points. The de- 
sign is exceptionally compact, and correspondingly adapted for 
location in large public and semi-public buildings where every foot 
is valuable and where head room and floor space will permit 
the use of neither the vertical nor ordinary horizontal type of 
pump. Care has been taken, however, to sacrifice nothing in the 
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way of accessibility to secure this compactness. The frames are 
spread sufficiently to allow easy passage between them, and all 
working parts are reached without difficulty, From the standpoint 
of economy, the machine has even greater advantages. Running 
non-condensing for elevator service, the steam consumption under 
ordinary conditions will vary between twenty-two and twenty- 
seven pounds per horsepower per hour, and when the plant will 
permit the use of a condenser 20 to 30 per cent. can be scaled off 
these figures, In other words, the company claims that primary 
power can be obtained by means of these high-duties at less cost 
than can electric current from an isolated plant; though the latter’s 
chief claim for application to such service lies in its cheapness. 
Not only is the primary electric power more expensive when so 
obtained, but the losses incident to its transmission from electric 
motors to the elevator cab are stated to be notoriously high; while 
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in no way fanciful; but, on the contrary, are perhaps unnecessarily 
conservative. No account has been taken of the decrease in 
boiler capacity or in boiler wear and tear incident to the substitu- 
tion of the high-duty for other types; nor has the decrease in cost 
of boiler feed water been considered. The machine has been 
thoroughly tested by several years of severe service, and it is 
offered as the accepted standard of high-grade work. When the 
machines can be run condensing and at a fairly uniform speed and 
load, as in water works or central station service, the economics 
given above can be greatly exceeded. For such service there is 
attached an automatic speed governor which adjusts the point of 
cut-off in the high-pressure cylinder to the work being done, and 
renders any throttling of the steam unnecessary. 

Among other recent noteworthy pumping installations, it must 
be noted that Henry R. Worthington has furnished over 500 spe- 





A THREE-CYLINDER, COMPOUND, HIGH-DUTY PUMPING ENGINE FOR THE NEW FLOOD BUILDING, SAN FRANCISCO 


in hydraulic service the highest possible percentage of the power 
generated at the pumps is realized in useful work. It is also 
claimed that hydraulic elevators possess undisputed advantages in 
the way of safety and easy motion, 

A comparison of the performance of three high-duty machines 
with that of the ordinary duplex compound pump is equally strik- 
ing. The former type, at a very conservative estimate, can fur- 
nish an average of I50 horsepower, non-condensing, on 3750 
pounds of steam per hour. The best tests of duplex compounds 
will require under similar conditions not less than 7500 pounds 
of steam for an equal power. The saving attainable by the substi- 
tution of the high-duty is 3750 pounds of steam, or 400 pounds of 
coal per hour. At $2.50 per ton, the saving per week of sixty 
hours is $30, or 6 per cent. interest on $26,000. These figures are 


cial pumps for oil-burning plants during the past year. The two 
large Worthington power pumps which were placed on the 2200- 
foot level of the Gwin Mine in 1897, where they have been in con- 
stant use since (they are driven by compressed air engines of the 
Rix type), are being supplemented by another Worthington pump 
which is to be a counterpart of the others. As to elevator work 
in new buildings being erected in San Francisco, Worthington 
pumps are to furnish water for the operation of the Otis elevators 
of the St. Francis Hotel on Union Square, as well as for the Otis 
elevators in the recently completed Mutual Savings Bank build- 
ing, on the gore of Market and Geary streets. Other equally 
interesting pumping plants for elevator and other hydraulic ser- 
vices have been installed in and about San Francisco of which 
reference will be made hereafter. 
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MESSRS. CHAS. C. MOORE & CO. 


RULY an enormous concern, which has demonstrated the 
ability to attain overwhelming success from a working 
capital consisting primarily of energy, ability and zeal, is 

found in the San Francisco firm of Chas. C. Moore & Co., en- 
gineers, who have earned the distinction of being better equipped 
for building modern high-class steam plants for any nature of ser- 
vice than any other establishment on the Pacific Coast. More 
than this, the firm has practically illimitable resources which 
enable it to handle steam contracts of every conceivable nature 
without regard to size or class. 

A business firm, like a business man, is known by his works. 
Along this line of reasoning, there is no other concern west of 
Chicago which is in a position to show such extensive and a more 
uniformly high class of steam engineering works as that which 
has been installed by the firm named. A complete list of its in- 
stallations would be almost interminable, but among the large 
plants which it has erected lately there may be named, as in oper- 
ation in San Francisco, the plants of the Independent Electric 
Light and Power Company, the Rialto office building, the Mer- 
chants’ Ice and Cold Storage Company, the United Railroads and 
the San Francisco dry dock at Hunter’s Point. In Los Angeles 
there are the plants of the Angelus Hotel, the Los Angeles and 
Pacific Electric Railway Company. At Seattle there is the great 
plant of The Seattle Electric Company* and the highly efficient 
installation of the Diamond Ice and Coal Storage Company. In 
Galveston, Tex., there is the enormous plant of the Southern 
Pacific Terminal Company, and in Santa Barbara, Santa Monica 
and Long Beach, Cal., are the respective plants of the United 
Electric, Gas and Power Company, as described in detail in a 
leading article in this issue. In addition there may be mentioned 
the plants of the Northwest Light and Power Company at Skaguay, 
Alaska, the Mountain Copper Company at Keswick, Cal., the 
North Shore Railway at Corte Madera, Cal., and a host of other 
installations which will run in the aggregate into tens of thousands 
of horsepower. 

It was in January, 1895, that Chas. C. Moore & Co. succeeded to 
the business of the San Francisco Tool Co., the Pacific Coast 
agencies which it also acquired consisting of those for Babcock & 
Wilcox boilers, McIntosh & Seymour engines, Goubert heaters, 
Stratton separators and New York safety engines. The firm still 
retains these agencies, but to the list there has since been added 
prominently Hamilton-Corliss engines, Ideal engines (New York), 
Phcenix engines, Westinghouse gas engines, Green’s fuel econo- 
mizers, Wheeler condensers, Barnard cooler towers, Snow steam 
pumps, Chapman valves, Industrial water softening and purifying 
apparatus and Holthoff machinery, besides numerous agencies for 
other auxiliary apparatus, such as Quimby pumps, Spencer damper 
regulators and Bundy steam traps. 

The personal characteristics of the concern seem to have been 
gaged by a qualification that each and every employe shall 
be a pronounced type of a clean-cut and up-to-date business 
man who has achieved, or promises to achieve, prominence in 
steam or mechanical specialization. Its main and branch offices 
are hives of industry, yet nowhere can a more agreeable blending 
of business and geniality be found than always exists in the estab- 
lishments of Chas. C. Moore & Co. 


GAS METERS A SAN FRANCISCO PRODUCT. 

SIGNIFICANT indication of the growing commercial im- 
portance of San Francisco from a manufacturing stand- 

point is shown by the establishment therein of the Pacific 

Meter Company, a corporation organized on August I, 1901, and 
which bears the distinction of being the only concern west of Erie, 
Pe., which is engaged exclusively in the business of manufactur- 
ing and selling gas meters, as well as repairing any type or variety 
of gas meters for the different gas companies within its commercial 
jurisdiction. It is further worthy of note that the Pacific Meter 
Company, in addition to the output of its own shops, controls on 


* See editorial comment on page 83 of this issue. 
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the Pacific Coast the sales and repairs of all meters manufactured 
by the principal gas meter manufacturing companies of the 
country. 

One of the evils which results from the close relations which exist 
between the Pacific Meter Company and the Eastern gas meter 
manufacturers referred to lies in the opinion which has arisen in 
some quarters that the Pacific Meter Company is to be regarded in 
the nature of an industrial trust; but it is stated on the authority of 
several of the largest buyers of gas meters in the West that if 
such is the case, which they do not believe, the Pacific Meter 
Company has not given the slightest evidence of it—not even to 
the extent of increasing the cost of gas meters, or the charges for 
repairing them, in the slightest degree. Moreover the local meter 
company usually carries in stock in San Francisco a large assort- 
ment of gas meters from each of the different gas meter manu- 
facturing companies in the East which are best known to Western 
gas companies. The advantage of this accommodation on the 
part of the Pacific Meter Company is obvious, for it enables any 
local gas company to obtain at very short notice the exact meter 
which it has been accustomed to use, as well as all repair parts 
for it. 

It is interesting to note the experience of the Pacific Meter 
Company in its endeavors to introduce prepayment meters 
throughout the Pacific Coast. At present the State of Washing- 
ton has purchased more ‘‘ prepayments’’ than all the rest of the 
Coast combined, and, indeed, the prepayment gas meter is no 
longer an object of curiosity to the people of its principal cities. 
They are also in liberal use in Oregon, but the reason for the com- 
paratively small number which has been sold to California gas com- 
panies presents a conundrum for which the Pacific Meter Com- 
pany has thus far not succeeded in finding the solution. Their 
use is on the constant increase elsewhere and it will be but a short 
time until they will become as universally popular in the Golden 
State as they are now in the East and Europe. The prepayment 
meter is certainly a most simple and accurate mechanism, and as 
a preventive against ‘‘ bad pay’’ and the troubles due to the con- 
stantly complaining customers, it is undoubtedly all that those 
who are using it claim it to be. 


POLYPHASE WATTMETERS. 


EALIZING the demand among central station managers for 
R an indicating wattmeter which would accurately and in- 
stantaneously allow them to measure the output total of any 
generator, or feeder, of the station, the Wagner Electric Man- 
ufacturing Company has brought out such an instrument, which 





POLYPHASE INDICATING WATTMETER 


will perform this operation successfully on any circuit having or- 
dinary commercial power factors. The instrument consists of two 
current and two pressure coils, and being used mostly on high ten- 
sion circuits, each current coil is supplied from series transformers 
while each pressure coil is supplied from potential transformers, 
which reduce the pressure to about 125-volts. These coils are con- 


nected to one pointer arm. The scale is graduated similar in 
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appearance to the indicating voltmeters and ammeters, and is fully 
as permanent, accurate and dead-beat as it is possible to make an 


indicating instrument and withstand the ordinary commercial 


usage. They take up but little room upon the switchboard, and 
present a very neat and attractive appearance. They have been in 
use a sufficient length of time upon the circuits of one of the most 
prominent companies to warrant guaranteeing their operation in 
every respect. 


THE WAGNER SYNCHRONISM INDICATOR. 


HE synchronism indicator, another instrument which The 
Wagner Electric Manufacturing Company recently placed 
upon the market, is built in all outward appearances, 

similar to its type ‘‘F’’ ammeters and voltmeters, excepting, of 
course, the scale. Their operation consists of two indicating 


needles, one operating across the top of the scale, and the other 
When the machines are in synchronism, these 


across the bottom. 





WAGNER ELECTRIC MANUFACTURING COMPANY'S SYNCHRONISM INDICATOR 


needles will be in exact alignment, and stationary at the center of 
the two scales. As the machines approach synchronism, each of 
the needles will swing backward and forward on its respective scale, 
the swinging becoming slower, and of greater amplitude, as they 
approach synchronism. When the two needles come to a standstill 
at the center of their respective scales, and are in exact alignment, 
the synchronizing switches are to be closed. Most complete satis- 
faction in every respect has, it is claimed, been obtained from the 
operation of these indicators. 


SHEET STEEL AND IRON PIPE LINES. 


O portion of a water power plant, and especially a water 
power plant which operates under high head, is more vital 
to the continuous and successful operation of the entire 

system than the pipe line, to build which requires a degree of 
skill and experience second to that in no other line of engineer- 
ing. The fame which California has earned because of its high- 
head water-power plants is world-wide, and it is meet that men- 
tion should be made of the fact that many of these hydraulic in- 
stallations have bern made by The Schaw-Batcher Company, of 
San Francisco and Sacramento, Cal. 

Among the numerous plants of this nature which the company 
named has installed there may be mentioned the Newcastle, Au- 
burn and Alta plants of the Central California Electric Company; 
the Shingletown plant of the Northern California Power Com- 
pany; the Copley plant of Messrs. Paul & Garlock; the Browns 
Valley, Chico and Nimshew plants of the Bay Counties Power 
Company; the Placerville plant of the Placerville Electric Light 
Company; the French Gulch plant of the Hazel Mine; the Yreka 
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plant of the Siskiyou Electric Light and Power Company; the 
Sonora plant of the Tuolumne Water and Power Company; the 
Columbia plant of the Columbia Hill Electric Company, and the 
Stent plant of the Jumper mine. 

If experience counts for work of this character, then surely The 
Schaw-Batcher Company is eminently qualified to execute it. 


THE NEW HOME OF THE PARAFFINE PAINT COMPANY. 


HE Paraffine Paint Company will move into its new build- 
ing at No. 24 Second Street, San Francisco, Cal., about 
February 1, 1903. So popular have the P. & B. products 

become and so rapidly has the demand: for them grown within 
the past years that the company has recently added to its factory 
equipment in Paraffine, Alameda county, Cal., and now intend to 
increase its office and salesroom to meet the demands of its in- 
creased business, by occupying the three lower floors in the hand- 
some new structure built for them. 

This building is centrally located, being within a few steps of 
Market Street and just within a half block of the Palace and 
Grand hotels. The floors are twenty-six feet wide by ninety feet 
in length and are connected by freight and passenger elevators. 
The street floor will be used as main offices and sample room, 
while on the other floors a good-sized stock of ready roofing, 
building papers, paints, etc., will be carried for the San Francisco 
trade. Out-of-town orders are shipped direct from the factory. 

The Paraffine Paint Company have been located at 116 Battery 
Street, San Francisco, Cal., for the past sixteen years. 
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A NEW SYSTEM FOR DECORATIVE LIGHTING. 


AUGHT but words of grateful appreciation are to be written 
N upon the inventive ability of the man who, by the elabor- 
ation of a simple idea, at once makes it a veritable pleas- 
ure to perform a character of electrical service which has pre- 
viously been regarded as possessing the most trying and expen- 
sive characteristics known to the art of illumination. Be it 
known, then, that decorative lighting, whether in 
“electric” signs or of the indoor or outdoor variety, no longer re- 
quires the work of a skilled specialist is its performance and that 
means are now at hand through the ‘‘Elblight system” for reduc- 
ing the labor of days in decorative lighting to that of hours for 
the same work. 

Briefly described the Elblight system, which is patented in the 
United States, Canada and elsewhere, consists of a combination 
of two-conductor flexible cables and of specially prepared sur- 
faces, or electric lighting boards, with Elblight lamps, the bases 
of which are provided with sharp pin terminals. The pins pro- 
truding from the bases of the lamps may be struck in and pressed 
home at any point either on the flexible cables or on the electric 
lighting boards, so that both firm mechanical support and perfect 
electrical contact will result. From this simple situation arises 
the familiar expression of the Elblight people that ‘‘wherever 
you stick the lamp it lights.’’ 

It is obvious that the uses to which the Elblight system can be 
put are unlimited, but without detailing these obvious uses it 
should be stated that its chief qualities are economy, safety, abso- 
lute imperviousness to moisture, fumes and gases, durability, 
flexibility, mutability, adjustability and adaptability. It permits 
temporary decorative illuminations to be made with extreme ease 
and rapidity without necessitating the slightest defacement of 
property. 


so called 


As to its economy, the first cost of Elblight material is soon 
saved because it can be used over and over again without deteri- 
oration. Its economy also lies in the fact that it can be installed 
with an increditably small amount of labor. Once installed the 
consumer can make his own changes without the expense or aid 
of an electrician. Experience is not necessary; anyone can do it. 

Safety by the use of the Elblight system is assured in the fact 
that only the highest grades of insulation and workmanship are 
used. All apparatus, before leaving the factory, is subjected to a 
breakdown test of 6,500 volts. This high insulation resistance is 
maintained after rough usage extending over a period of time. 

Imperviousness has received equally careful consideration, for 
when the Elblight cable is in use all metal parts are entirely pro- 
tected from contact with air, moisture, fumes and gases, so that 
deterioration of contact points, loss of current, and short circuits 
are impossible. 
Elblight system may be used with impunity in tunnels, mines, or 
factories where deleterious gases usually destroy electrical appar- 
atus. 

Owing to the fact that only the highest grades of material and 
workmanship are used, the apparatus will, with ordinary care, 
last indefinitely. The flexibility of this system is so great that it 
makes possible that which has heretofore been cousidered impos- 
sible, and it makes easy that which has heretofore been difficult. 
A complicated artistic design may be changed into the common- 
place announcement of a ‘‘mark-down sale,’’ in a few minutes, 
and vice versa. simply pull out the lamps 
and stick them in again where wanted for ‘‘wherever you stick 
the lamp it lights.” 

The Elblight electric lighting boards can be made of any de- 
sired size or shape—syuare, rectangular, oval, convex, concave, 
etc. and they can be used out of doors and in. They are made 
either single or double-faeed, and they are so constructed that 
anyone can place any design, letter or combination of letters on 
their surface and outline the same electrically by simply sticking 
the lamps in wherever they will produce the best effect, for 
“wherever you stick the lamp it lights.” 

Displays made on these electric lighting boards are effective by 
day and by night. The consumer may use his own originality in 


By using acid-proof insulating compounds, the 


Anyone can do it 
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creating an attractive sign, and to this end can try countless ex- 
periments unaided by an electrician, without expense and with- 
out injury to the board. 

To change the sign it is only necesssary to pull the lamps out, 
place a new design or letters on the face of the board and stick 
the lamps in again where waated,—in brief all one has to do is co 
bear in mind that ‘‘ wherever you stick the lamp it lights.” 

This operation of sticking in lamps can be repeated indefinitely 
and it requires no more appreciable length of time to do it than it 
does to stick a thumb tack in adrawing board. When an Elblight 
board is to be exposed to the weather the design or lettering may 
be made on thin oil cloth which is held in place by a neat adjust- 
able moulding. When it is to be used indoors, the design or 
lettering may be traced on thin cardboard, paper or some other 
suitable fabric, such as silk, etc., as a neat adjustable moulding is 
provided to hold the cardboard, etc. in place. On small boards 
flanges may be provided into which display cards can be slipped 
with ease. 

For department stores ‘‘Millinery”’ or “Lingerie’’ signs, for in- 
stance, so made in double boards that one word appears on each 
side of the sign, may be made up in five minutes. This style of 
sign is not only very attractive in itself, but it is a splendid ad- 
vertising medium. The eye invariably travels first to the most 
brilliant spot in astore. The effect is most attractive and the 
artist employed to write cards may indulge his fancy to the 
utmost, make ornamental letters, introduce color, etc., and 
always be sure of being able to outline his work effectively with 
lamps, as he is thoroughly well aware of the fact that 
you stick the lamp it lights.”’ 

Elblight ma‘erials are handled exclusively by The Elblight 
Company of California, which has offices on the ground floor of 
the Rialto Building, 120-130 New Montgomery Street, San Fran- 


‘* wherever 


cisco. 


HEALD’S SCHOOL OF MINES AND ENGINEERING. 


pROFESSOR Heald, who has such a wide reputation as a busi- 

I ness educator that he needs no introduction, is building up 
an engineering school which will, without doubt, earn as 
enviable a reputation as is now enjoyed by the business college 
bearing his name. Asthis publication always feels a kindly inter- 
est in efforts to improve the engineering industries and enlighten 
people engaged therein, it commends the efforts of those engaged 
in building up the engineering section of the school. 
The superintendent of the school is Professor J. B. Balcomb of 
Stanford University, and the principal of the electrical section, 
Professor Orion Brooks, who, like Professor Heald, is so widely 
known* as to scarcely need an introduction, certainly not to the 
older electrical fraternity. 
will say that he has been engaged in various electrical industries 


For the benefit of the newcomer we 


in this city for more than thirty years. 

It would appear that very many of the people engaged in vari- 
ous capacities in electrical industries would reap great benefit by 
attending the evening sessions of the school, and employers should 
encourage their employes to improve themselves in such manner. 
The graduates of the school are universally successful in their 
undertakings and are to be found all over the Pacific Coast. 

The reader will recall an account, published in our columns,t of 
a large static electric machine made in the workshops of this 
school, and now another even larger and more elaborate is in pro- 
cess of construction. The policy of the management is, have 
practice go hand in hand with theory, and by individual instruc- 
tion reach each person much more satisfactorily than can be done 


in classes. 


Manufacturer W. A. Connor of the Standard Underground Cable 
Company, Pittsburg, Pa., has been a visitor on the coast this month 
for the purpose of providing additional facilities at their Oakland, 
Cal., factory for the manufacture and storage of wires and cables. 

* For a biographical sketch of Professor Brooks see THE JOURNAL, Volume 


IX, page 51, March, Igoo. 


+ THE JOURNAL, Volume XI, page 87, March, 1902. 
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AUTOMATIC POLYPHASE CIRCUIT BREAKERS. 
yaaa a book filled with wisdom concerning the 


protection of electric currents of every description has 

been issued by the Cutter Electrical and Manufacturing 
Company of Philadelphia, entitled‘‘ I-T-E Switchboard Prac- 
tice.’’ It is supplemental to ‘‘ Modern Switchboards,’’ that inval- 
uable trade catalogue issued by The Cutter Company in 1898, and 
which is now out of print. One of its sections, which will be of 
the greatest interest to transmssion engineers, delineates the prac- 
tice which is exploited by The Cutter Company for the protection 
of multiphase power circuits, in dealing with which it is pointed 
out that one of the first points likely to be raised is the heavy cur- 
rent incident upon the starting of most of the types of induction 
motors now in use. In the case of generator and feeder protection 
this is a matter of small moment, as when a number of motors are 
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connected to the same feeder there is slight probability of all or 
many of them being started at the same instant. The maximum 
demand upon the generator or feeder is not likely to seriously ex- 
ceed the normal running load, except upon the occurrence of ab- 
normal conditions, and an adjustment somewhat in excess of the 
full load current provides ample margin for ordinary working con- 
ditions, this case being quite atialogous to that of street railway 
feeders. 

The protection by means of circuit breakers of the multiphase 
motor a somewhat. different problem, which, on account of its 
difficulties, has led some engineers to display a preference for 
fuses for this purpose. The fuse in this connection adds one fail- 
ing to the already long list for which it stands sponsor; for in case 
of the blowing of only one fuse of a set supposedly protecting a 
motor, the motor would gradually slow down, and, coming to a 
standstill (being still in connection with the remaining wires of 
the system), would soon burn out unless the current were speedily 
interrupted by the blowing of one of the remaining fuses, an 
event somewhat remote from prob- 
ability, as the current in this case 
is not necessarily greater than that 
which the fuses must carry at start- 
ing. 

The I-T-E circuit breaker may, 
however, be connected into the 
polyphase motor circuit in such a 
manner that it will be out of cir- 
cuit during the passage of the ex- 
cessive starting currents, coming 
into service only when the motor 
is connected to line in the running 
position. Figure 1 shows the usual connections of a three-phase 
motor and starting device. Figure 2 shows how the three-pole 
circuit breaker may be introduced so that it is in circuit under run- 
ning conditions. only, being out of circuit at starting. As the 
switches of this instrument are rigidly connected, they, of neces- 
sity, operate in unison and preclude the disastrous possibilities 
incident upon the use of independent fuses. 

Regarding the types of motors having an internal resistance 
which is cut out as the motors come up to speed, little need be 
said, as for this apparatus the standard types of overload instru- 
ments afford ideal protection without the need of special connec- 
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tions, because with this type of motor the starting current seldom 
exceeds full-load current by more than 50 per cent., a condition 
which permits of providing the circuit breaker with an adjust- 
ment which will allow the passage of the starting current, and 
yet give adequate protection to the motor under running condi- 
tions. Not only does The Cutter Company’s ‘‘ Over-load and No 
Voltage ’’ I-T-E circuit breaker for polyphase work operate upon 
over-load, but it opens the circuit upon a failure of the voltage in 
either phase of the polyphase system. 


RECENT ORDERS FOR “S.K.C.”” APPARATUS. 


URING the past few months there has been marked activity 
l) in all brances of the electrical business, and that ‘‘S.K.C.” 
apparatus has not been behind in the race is evidenced in 
the fact that among some of the more important contracts taken 
by Jno. Martin & Company for the Stanley Electric Manufactur- 
ing Company may be mentioned an order from the Los Angeles- 
Pacific Railroad Company of Los Angeles comprising: one 600- 
kilowatt engine type alternator; one 200-kilowatt synchronous 
motor-generator set; one 300-kilowatt synchronous motor-gener- 
ator set; and one 200-kilowatt synchronous motor, together with 
a full complement of step-down transformers of the oil-insulated, 
water-cooled type for the various synchronous motors, as well as 
complete switchboards, lightning arresters and other auxiliary 
apparatus, which will be used in connection with the improve- 
ments of the Los Angeles-Pacific Railroad system now under way. 
The Los Angeles Lighting Company has also placed an order for 
one 600-kilowatt, single phase, 60-cycle, ‘‘S.K.C.’’ generator, to 
be used for lighting purposes entirely. A contract has also been 
made with the Temescal Water Company at Ethanac, Cal., fora 
300-kilowatt, three-phase, 50-cycle, generator, to be used for light- 
ing and power. 

In addition to the above large volume of business and as a 
further evidence of the acti-ity of improvements under way in 
southern California may be’ noted the order of the Coronado 
Beach Company for a 90-kilowatt, two-phase, 60-cycle, ‘‘S.K.C.” 
generator, with complete auxiliary apparatus, for installation in 
the lighting plant of the Hotel Del Coronado to replace its pres- 
ent direct current system. 

What will be the largest generator installed on the Pacific Slope 
is the 4000-kilowatt, 60 cycle, three phase, “S.K.C.’’ alternator 
recently ordered by the Valley Counties Power Company for in- 
stallation in its plant at Nimshew, above Chico. This machine is 
notable for the high speed at which it will operate, namely 400 
revolutions per minute. 

The electrical equipment of the generating station of the North 
Shore Railroad at Corte Madera, which is mentioned elsewhere*, 
will consist entirely of ‘‘S.K.C.’’ apparatus including two 400-kilo- 
watt, synchronous motor-generator sets, both of which will be 
coupled by flexible coupling and run in parallel on both the alter- 
nating current and direct current sides. There will also be one 
400-kilowatt, engine type, direct current, railway generator, as 
well as complete high and low potential switchboards. 


ALUMINUM WIRE AND FEEDERS. 


N the third-rail system now being built by the North Shore 
Railroad to connect Sausalito and San Rafael the feeders 
will consist of solid, bare, aluminum rod, having a cross 

section of 1,860,000 circular mills, with an equivalent conductivity 
to copper conductor having a cross section of 1,170,000 cir- 
cular mils. This rod will be furnished in thirty-foot lengths 
and will be laid parallel to the feeder rail. The rods will be joined 
together by compression joints and connection with the feeder rail 
is to be made by means of tap-off joints. 

The Siskiyou Electric Power Company will use aluminum wire 
exclusively in its new power transmission lines, and has now en 
route approximately 150 miles of No. 4, B. & S. Gage, three-strand, 
bare wire, equivalent in conductivity to No. 6 copper. 


*See page 82 this issue of THE JOURNAL. 
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HIGH POTENTIAL INSULATORS, 


MPORTANT progress has recently been made in the design of 
high-tension insulators. On account of the severe service 
exacted when operating at potentials of from 40,000 volts to 

60,000 volts, The Locke Insulator Manufacturing Company has 
brought out an insulator intended to meet the requirements 
of a mechanical strength, combining at the same time qualities 
allowing of its satisfactory operation under all conditions at line 
voltages as high as 60,000 volts. 

The No. 329 Locke insulator, which is illustrated in the accom- 
panying cut, has a diameter of fourteen inches, and is composed 





LOCKE NO. 329 ‘‘VICTOR’’ TYPE PORCELAIN INSULATOR 


“ 
of three shells of vitrified porcelain cemented together. This 
type of insulator has been adopted by the Guanajuato Power and 
Electric Company, as noted in the article heading the second 
column of page 120 of this issue. The Washington Power Com- 
pany of Spokane, Wash., has also placed an order for 13,000 insu- 
lators of this type for delivery in March of this year for the equip- 
ment of the pole line of its Coeur d’Alenetransmission. The Bay 
Counties Power Company and the Valley Counties Power Com- 
pany, recognizing the value of this insulator, have also placed 
orders for several carloads. 

As an evidence that there is still a difference of opinion as re- 
gards the relative values of porcelain and glass might be cited the 
order of the Vancouver Power Company, Limited, for 13,000 
Locke No. 23, one-piece, glass insulators. These insulators have 
a diameter of nine inches and are guaranteed for a line potential 
of 50,000 volts. 

The Portland General Electric Company has also recently 
ordered 15,000 five-and-one-half-inch glass insulators for use on its 
extensions in and about Portland. The seven-inch, triple-petti- 
coat, glass insulator is still being used extensively, a carload of 
these insulators now being en route for the Siskiyou Electric 
Power Company of Yreka, as well as large shipments of the same 
type for the Truckee River General Electric Company and the 
Standard Electric Company. 


TELEPHONE SERVICE ON TRANSMISSION POLE LINES. 


NE of the anomalies of thoroughness in otherwise well qual- 
ified electrical engineers rests in the fact that as a gen- 
eral rule, electrical engineers other than telephone en- 

gineers have very inadequate conceptions of the technical requi- 
sites to the highest attainments in telephony. At best their actual 
knowledge of telephony is limited by generalities; they know, for 
instance, that bridging has displaced series construction; that the 
connection of telephone sets must follow prescribed though famil- 
iar methods, and that the building and operation of a telephone 
line is a comparatively simple matter. Transmission engineers, 
on the other hand, are probably better versed in telephony than 
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any class of electrical engineers, other than telephone engineers 
themselves, and in the matter of transposition it is probable that 
the skill and experience and judgment of the former is as good if 
not better than that of the latter. Aside from this one point, 
however, the transmission engineer is little if any better off in 
the way of telephone knowledge than other of his electrical en- 
gineering conferees, for but few know what details of materials 
and construction constitute the make-up of a strictly first-class 
telephone set. Nor do few of them ever know this until taught 
by experience that the particular set they have bought will fail; 
then they condemn telephones in general as being unable to work 
under the conditions imposed, without realizing first that failure 
was due to inherent defects in the particular make of instrument 
used, and second, that that failure would not have occured had 
sound engineering judgment been exercised in the purchase of 
the telephone apparatus. 

Ericsson instruments are recognized all over the world as pos- 
sessing the highest merit to a uniform degree in every part than 
any other telephones in existance, in fact it has occurred in the 
experience of one of the great transmission companies of Califor- 
nia that Ericsson telephone sets are giving satisfactlon under 
conditions in which telephone apparatus made by the American 
Bell Telephone Company and installed by the Pacific States Tele- 
phone and Telegraph Company has signally failed. Though 
higher in price than any other telephones on the market, in some 
cases to the extent of nearly 50 per cent., the Ericsson instru- 
ments are intrinsically worth more to a far greater degree than 
any other instrument which can be bougnt. Especially is this 
true in rendering telephone service over wires installed on high 
tension transmission pole lines, which is notoriously the most 
trying service into which a telephone can be placed. Neverthe- 
less Ericsson instruments have displaced hundreds of telephones 
of other makes which were installed for use over transmission 
pole lines and which failed to give satisfaction, while on the 
other hand no Ericsson ’phone has ever been been displaced by 
that of any other make. In fact, the Ericsson telephone instru- 
ments have become recognized as the standard high grade tele- 
phones for all classes of service, however difficult or exacting. 

The Ericsson instruments are represented on the Pacific Coast 
by the Electric Railway and Manufacturers’ Supply Company, 
€8 to 72 First Street, corner of Mission Street, San Francisco. 


A NEW PLANT COMPLETED. 


PY AHE Standard Underground Cable Company has about com- 
pleted the erection of one of the largest and most modern 
plants in this country for rolling copper rods, drawing all 

sizes and shapes of bare wire, and insulating weather-proof wires 

and cables. This plant is an addition to the large underground 
cable factory and rubber insulated wire and cable factory at Perth 

Amboy, N. J. The rod mill was started successfully on November 

25th and the wire mill was in full operation on December rst. 

The company is now prepared to furnish bare rods and wire in any 

quantity, the capacity of the rod mill being 3,000,000 pounds per 

month and the wire mill 2,000,000 pounds, single turn. The 

weather-proof factory will be in full operation by February 1, 1903, 

with a capacity of 500,000 pounds of wire and cables per month, 

working single turn. The sales department staff has been largely 
added to, on account of this new departure and the general in- 
crease of business. The general sales department, with headquar- 
ters in Pittsburg, together with the branch office managers at New 

York, Philadelphia and Chicago, remains the same. Mr. A. B. 

Saurman, who has represented the company in Boston for the past 

few years, is in San Francisco, where he is associated with Mr. 

C. F. Sloane, the Pacific Coast sales agent of the company, Mr. 

Saurman devoting his attention exclusively to the interest of the 

company on the coast. The Boston office is now in charge of Mr. 

Frank Clarke Cosby, formerly the company’s representative in St. 

Louis, and latterly connected with the sales department of the 

Westinghouse Electric and Manufacturing Company of New York 

city. The New York office force is augmented by the presence of 
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Mr. H. P. Kimball, formerly with the Williamsport Electric Com- 
pany. Mr. R.M. Hirst, for several years connected with the 
Philadelphia office, will devote most of his time to the trade in the 
territory covered by the Philadelphia office. The Pittsburg office 
will have two men constantly on the road, Mr. A. A. Anderson, 
who has been with the office for several years, and Mr. McBride, 
formerly with the Pittsburg Reduction Company. Mr. J. R. 
Wiley, at the Chicago office, will be assisted by Mr. E. J. Pietzcker, 
formerly with the American Steel and Wire Company. 


THE “G.I.” OFFICE IN SAN FRANCISCO. 


ARDLY a fortnight passes that some important Eastern 
electrical industrial concern does not give substantial 
recognition of the growing importance of the business of 

the Pacific Slope by the establishment of a branch office, or at 
least an agency, in one of its principal cities. Usually San Fran- 
cisco is selected, and when the business of a particular concern is 
of sufficient magnitude it is generally customary that the repre- 
sentation shall be in the form of a local office rather than a sales 
agency. Itis after the former manner that the General Incan- 
descent Are Light Company is handling its business west of 
the Rockies, and has established offices in the new Rialto 
building, corner of New Montgomery and Mission streets, San 
Francisco. These offices are under the management of Mr. Wm. 
A. Ekberg, and it is probably unnecessary to add that they are 
fully equipped for handling whatever business may be thrust upon 
them. 

It does not appear to be generally known that the General In- 
candescent Arc Light Company issues bulletins of its products, 
but such is the case, and these trade publications, which are excel- 
lent specimens of the printer’s art, are really invaluable to the 
library of every electrical man. They cover a wide range of appli- 
ances, such as enclosed arc lamps for all existing systems, panel 
boards, high tension oil switches and apparatus, sewing machine 
motors (alternating and direct current), knife and quick-break 
switches, inclosed arc lamps (direct and alternating current), 
underground material and junction boxes, Wright discount meters, 
rheostats (motor starting and speed regulating), circuit breakers, 
voltmeter and ammeter switches, rotary converters, multipolar 
and bipolar motors, fan motors and incandescent lamps. The 
bulletins are gratuitous—write for those covering the subjects 
upon which you are interested. 


KEYSTONE INSTRUMENTS DECLARED TO INFRINGE, 


N important legal decision sustaining the United States let- 
A ters patent issued to Edward Weston and enjoining Messrs. 
J. Francis Stevens and Elmer P. Morris, doing business as 
the Keystone Electrical Investment Company, was rendered by 
Judge Cox of the United States Circuit Court of the Southern Dis- 
trict of New York, on December 8th last, in the suit brought by 
the Weston Electrical Instrument Company against the parties 
named. The decision, which occupies eight pages of transcript, 
is summarized by the following excerpts: 

‘* Many of the perplexities which usually beset patent cases are 
entirely absent here. We are enabled to start with several funda- 
mental propositions which cannot be successfully disputed. 

‘* Rirst—Mr. Weston was the first to make a successful commer- 
cial voltmeter for measuring alternating currents, 

‘* Second—The device of the patent is small, simple, compact, 
easily operated and requires no preliminary adjustment. It can 
be operated at any angle by an unskilled workman and will meas- 
ure direct as well as alternating currents. 

‘ Third—Strictly speaking, there is no priorart. There were no 
instruments entitled to be considered as anticipations. 

‘* Fourth—The invention is not disclosed in any prior patent or 
publication. 

‘* Fifth—Infringement is clear. The defendants have copied the 
patented article even in its minutest details. 

‘* Few patents that come before the courts are entitled to more 
‘iberai treatment. This is a case where, upon the undisputed testi- 
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mony, the inventor has accomplished something which has been 
of unquestioned benefit to the electrical world. 

‘“The complainant is entitled to the usual decree for an injunc- 
tion and an accounting.’’ 


WHERE TO GET STEAM SUPPLIES. 


N addition to a large contracting and general manufacturing 

{ [business, the Bay City Engineering and Supply Company, the 

personnel of which was detailed in a former issue'of this pub- 

lication,* has extended its sphere of action by becoming dealers 

in machinery and engineering supplies, a complete stock of which 
is carried in its warerooms, 322 Howard street, San Francisco. 

As to machinery, the company named carries in stock that of the 
following concerns: Erie Manufacturing and Supply Company, 
engines of three to seventy-five horsepower; Reeves Engine Com- 
pany, high class, all sizes; Keystone electric generators; Riblet 
feed water heaters; Wagner steam pumps; Sahara separators; B. 
C. 1901 steam traps; Engineering oil filters; Harthan metallic 
packing; Erie Manufacturing and Supply Company, boilers, all 
sizes and styles. Among supplies carried there may be mentioned 
various makes of packing, gasket tubing, sheeting, gaskets, fiber, 
grease, cylinder [and [engine; oil," graphite} gap glasses, Babbitt 
metal, tube scrapers, boiler compound, hemp, metal polish, and, 
in brief, all supplies necessary to steam engineering work. 


A NEW WATER WHEEL HEADQUARTERS. 


T is announced that the management of the Stilwell-Bierce and 
Smith-Vaile Company, of Dayton, O., has determined to 
establish an engineering ‘and sales office in San Francisco, 

for the benefit of its many Western patrons. As yet the location 
of the new headquarters has not been decided upon, but Mr. 
George W. Ingils is to be the manager of the office and Mr. Ed- 
ward G,. DeWald, who is already well known in hydraulic power 
circles throughout the Pacific Coast, is to be installed as hydraulic 
engineer in charge of the water wheel department of the company. 

It should be borne in mind that the Stillwell-Bierce and Smith- 

Vaile Company, in addition to its great low-head turbine and 
steam pumping business, is building a high-head turbine of the 
Girard type which possesses exceptional advantages. This is the 
**Victor’’ high-head turbine which is used in the Alta power- 
house of the Central California Electric Company, as described 
in Mr. R. W. Van Norden’s article on ‘‘ The Systems of the South 
Yuba,’’ appearing elsewhere in this issue. 


ELEVATOR SERVICE IN PRIVATE DWELLINGS. 


The extent to which the aid of electricity is being invoked in 
promoting comfort and convenience in dwellings is well illus- 
trated by a recent contract made by the Otis Elevator Company to 
install five electric elevators in a single private residence. In the 
house which is now being erected at Madison avenue and Thirty- 
seventh street, New York, for Captain J. R. DeLamar, the ele- 
vator equipment is to consist, first, of a passenger elevator, a ser- 
vants’ elevator and a dumb-waiter, all to be automatically con- 
trolled by push buttons within the cars and at the several land- 
ings. In addition the contract calls for a sidewalk elevator for 
ashes, etc., and an automobile lift for conveying motor cars from 
the street level to astorage room in the sul-basement. 


NEW CROUSE-HINDS ELECTRIC LINES. 

Asa result of considerable enlargements which have recently 
been made inthe Syracuse factory of the Crouse-Hinds Electric 
Company, the company named is soon to put on the market a new 
and very extensive line of electrical specialties which are certain 
to become immediately popular. Among them are lines of porce- 
lain specialties, as well as a number of sockets, receptacles and 
similar articles of special merit, more specific information of which 
will be announced later. 


+ THE JOURNAL, Volume XII, page 161, August, 1902. 








